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Executive Summary

1. Introduction

Thorthongdaeng irrigation project is water storage pond type, receiving water from Ping
river to agricultural areas in provinces of Sukhothai, Phitsanulok and Khampaengphet through
the flow system of natural channels having water control structures along the channels. The
project receives water through water control gates at entrance of Thorthongdaeng channel,
supplying water to irrigation areas of 552,403.93 rais, at present, expanding irrigation areas into
Wachirabaramee district, Pichit, and Bangrakam district, Phitsanulok. From the study project in
phase 1, development of groundwater management system for improving efficiency of
conjunctive use of groundwater and surface water, it was found that in this region there was
groundwater pumping to be water reserve to every water use sector such as comsumptive
use, industrial use and agricultural use particularly during the period that the surface water
resource from iriigation water or storage pond is insufficient in dry seasons. In the north of
lower central region of Thailand in irrigation areas, there are rice cropping activities both in
wet and dry seasons, encountering water shortage particularly in dry seasons. The farmers dug
groundwater wells to be water reserve during the surface water is shortage. It is found that
the potential groundwater in this region to be developed for uses amounts on annual average
not less than 600-800 million cu.m. (Chulalongkorn university, 2015). Department of
groundwater resource, by Office of groundwater resource conservation and rehabilitation, set
up the project of monitoring groundwater conditions, to check and watch out the change of
groundwater quantity and quanlity, including the impact assessment of groundwater pumping
from shallow wells. However, the development of groundwater modeling for estimating
groundwater quantities in various scenarios is not done (Department of groundwater resource,
2018). This situation causes unable to estimate the groundwater quantity to be developed for
use with reliability due to lack of developing a system for estimating gsroundwater quantity
and management according to water year types. This system, if developed, will be an
important tool for Department of groundwater resource to estimate available groundwater for
use and then coordinate with Royal irrigation department to set up a clear condition in

providing groundwater to be conjunctive use with surface water appropriately and sustainably.



FINAL REPORT |

The assessing the groundwater potential and groundwater use for planning of conjunctive use water management system in Thorthongdaeng Operation and Maintenance Project

This research aims to develop a tool and technology to estimate potential
groundwater in levels of area, irrigation project and province, provide groundwater
management criteria from groundwater level data, define groundwater observation well
network to water user groups, and planning for improving water management in conjunctive

use with surface water to reduce damage of agricultural areas due to water shortage in dry

seasons.
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Figure 1 Thorthongdaeng irrigation project

2. Objectives

a) Estimate potential groundwater and planning for improving water management in
conjunctive use with surface water.

b) Develop criteria of groundwater management according to groundwater conditions.
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3. Project methodology

Research methodology consists of 8 steps having details and techniques in each

step as follows

1)

2)

3)

4)

5)

Collect data and review previous studies such as climate data containing rainfall,
highest temperature, lowest temperature, mean temperature, evaporation,
runoff data, reservoir water storage and water allocation. The project will collect
water surface data through coordination with project 2.2.4, development of
geographic information system on community water management with
participation for promoting to community water management policy in level of
Khampaengphet province

Analyze meteorological data, hydrological data, water allocation data,
hydrogeological data and estimate water use. The project will collect data
through coordination with project 2.2.4, development of geographic information
system on community water management with participation for promoting to
community water management policy in level of Khampaengphet province
Analyze data from field survey of groundwater pumping rates and characteristics
of groundwater use. The project will collect data through coordination with
project 2.2.4, development of geographic information system on community
water management with participation for promoting to community water
management policy in level of Khampaengphet province. The data was used to
estimate groundwater use quantities in water year types and used to calibrate
the groundwater pumping quantity from the developed local groundwater
model.

Survey and select representative observation stations of each water zone for
monitoring monthly shallow groundwater level in the irrigation project.
Improve regional groundwater model developed in Phase 1 for upper central
region for supporting weekly water management and co-run with other study
projects in work plan 3 water management in central region. Coordinate with
project on estimation of water demand and surface water for water
management in Chao phraya basin in work plan 3

a) Collect and analyze data including data from coordination with project on

estimation of water demand and surface water for water management in
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Chao phraya basin in work plan 3. Input these data into regional
groundwater model developed in Phase 1.

b) Improve regional groundwater model from processing on monthly to be
weekly. Calibrate the improved model.

c) Simulate groundwater conditions according to surface water conditions using
the developed system to set up the criteria of conjunctive use of surface
water and groundwater.

d) Develop model to estimate groundwater use quantity according to
groundwater conditions and water year types. Develop relationship using
groundwater simulation results to estimate groundwater pumping rate
according to groundwater level, rainfall depth and water storage in
Bhumibol and Sirikit dams using Artificial Neuron Network (ANN).

6) Develop local groundwater model for Thorthongdaeng irrigation project to
estimate available groundwater according to water year types with steps as
follows
a) Collect related groundwater data such as hydrogeological data, groundwater

well data and water source data. Input these data to develop preliminary
groundwater model.

b) Develop conceptual model from groundwater data and set up aquifer
characteristics.

c) Design groundwater model applying conceptual model to be mathematical
model. Specify boundary conditions and assumptions. Input data to
parameters used in computation.

d) Calibrate groundwater model in case of steady state to adjust boundary
conditions to conform to the area.

e) Calibrate groundwater model in case of transient state to adjust
groundwater flow to conform to actual groundwater levels.

f) Verify groundwater model according to groundwater pumping data and
groundwater level data to determine model error and test sensitivity
analysis of model parameters. Analyze groundwater balance considering

inflow and outflow of groundwater.
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g) Simulate groundwater flow conditions. Apply groundwater model to be a
tool to assess impact on groundwater sources.

7) Simulate groundwater conditions according to water surface conditions using
the developed system to set up criteria of conjunctive use of surface water and
groundwater.

8) Set up criteria of conjunctive use of surface water and groundwater during

surface water shortage.

4. Summary of study results.

Thorthongdaeng Operation and Maintenance Project

The study results on groundwater in Thorthongdaeng Operation and Maintenance Project
during the years 2010 — 2021 are as follows. Classified according to the water years, the
average annual actual groundwater uses were 43, 66 and 88 million cu.m. in the wet year,
normal year and dry year respectively and the average annual volume of all water years
was 65 million cu.m. Classified according to the aquifer depths, the average annual actual
groundwater uses were 17, 29 and 19 million cu.m. in the first, second and third aquifers
respectively. Classified according to the irrigation zones, the average annual actual
groundwater uses were 17, 18 and 30 million cu.m. in the first, second and third irrigation
zones respectively.

The study results on available or potential groundwater as classified according to the
water years, the average annual available groundwater volumes were 206, 173 and 134
million cu.m. in the wet year, normal year and dry year respectively and the average annual
volume of all water years was 171 million cu.m. Classified according to the aquifer depths,
the average annual available groundwater volumes were 45, 75 and 50 million cu.m. in the
first, second and third aquifers respectively. Classified according to the irrigation zones, the
average annual available groundwater volumes were 42, 64 and 65 million cu.m. in the first,
second and third irrigation zones respectively.

The study results on groundwater recharge from rainfall, rivers and nearby aquifers as
classified according to the water years, the average annual groundwater recharge volumes
were 78, 65 and 53 million cu.m. in the wet year, normal year and dry year respectively
and the average annual volume of all water years was 64 million cu.m. Classified according

to the aquifer depths, the average annual groundwater recharge volumes were 44, 15 and
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5 million cu.m. in the first, second and third aquifers respectively. Classified according to
the irrigation zones, the average annual groundwater recharge volumes were 21, 26 and 17

million cu.m. in the first, second and third irrigation zones respectively.

Upper Central Region

The study results on groundwater from the improvement of groundwater model
developed in the study phase 1 for the upper central region during the years 2010 — 2021
are as follows. Classified according to the water years, the average annual actual groundwater
uses were 705, 943 and 1220 million cu.m. in the wet year, normal year and dry year
respectively and the average annual volume of all water years was 956 million cu.m.
Classified according to the provinces, the average annual actual groundwater uses were 97,
200, 19, 272 and 179 million cu.m. in Khampaengphet, Pichit, Uttaradit, Sukhothai,
Phitsanulok and Nakhon Sawan respectively.

The study results on available or potential groundwater as classified according to the
water years, the average annual available groundwater volumes were 2234, 2000 and 1655
million cu.m. in the wet year, normal year and dry year respectively and the average annual
volume of all water years was 1963 million cu.m. Classified according to the provinces, the
average annual available groundwater volumes were 288, 490, 47, 415, 452 and 271 million
cum. in Khampaengphet, Pichit, Uttaradit, Sukhothai, Phitsanulok and Nakhon Sawan
respectively.

The study results on groundwater recharge from rainfall, rivers and nearby aquifers as
classified according to the water years, the average annual available groundwater volumes
were 532,685 and 1004 million cu.m. in the wet year, normal year and dry year respectively
and the average annual volume of all water years was 740 million cu.m. Classified according
to the provinces, the average annual groundwater recharge volumes were 72, 174, 46, 141,
208 and 101 million cu.m. in Khampaengphet, Pichit, Uttaradit, Sukhothai, Phitsanulok and
Nakhon Sawan respectively.

Graph of the relationship between water level and pumping volume. It can be used
to estimate the pumpable pumping rate and can be used as a groundwater management

criterion.
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5. Groundwater management criteria

The study result on groundwater management criteria to manage conjunctive use of

ground water and surface water appropriately and sustainably is set up as follows

1.

Specify groundwater to be water resource reserve to be used during the period
that the surface water is insufficient to meet the water demand in order to reduce
the damages to the crop production and other water use activities from water
deficit.

Estimate the seasonal groundwater abstraction from the graphs of relationship
between groundwater level and seasonal groundwater abstraction developed for
each province. Compare the groundwater abstraction to the available groundwater
in order to determine the remaining groundwater for further use.

Use groundwater not exceeding the available or potential sroundwater, based on
the criteria that the groundwater depth does not exceed 20 m from the ground
surface. Recommend to use groundwater only in the dry years of low surface water
and rainfall, then encountering the risk of water deficit. This groundwater use
limitation helps to prevent the loss of groundwater balance and recover the
groundwater back to the normal level. The study result indicates the amount of
available groundwater for each province in each water year classified as wet,
normal and dry water years.

Use groundwater not exceeding the groundwater recharge from rain, rivers and
nearby aquifers in order to maintain the groundwater balance between the ground
water use and groundwater recharge, leading to sustainable groundwater use. The
study result indicates the amount of groundwater recharge for each province in

each water year classified as wet, normal and dry water years.
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6. Recommendation

To achieve more efficient groundwater management and conjunctive water use
between groundwater and surface water and utilize data and study results usefully to the
public in the area, significant measures are needed. The measures are to support work
operation in practice, study research and monitor work performance affecting to conjunctive

water use. The measures are recommended as follows

1. Develop data system

2. Study in detail on groundwater recharge mechanism naturally

3. Study research on conjunctive water use between groundwater and surface water
Improve and apply groundwater model

Study research on groundwater recharge

Develop criteria of conjunctive water use between groundwater and surface water

Publish groundwater data and public warning in advance

G N o ok

Study groundwater bank application
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Thorthongdaeng irrigation project is water storage pond type, receiving water from Ping
river to agricultural areas in provinces of Sukhothai, Phitsanulok and Khampaengphet through
the flow system of natural channels having water control structures along the channels. The
project receives water through water control gates at entrance of Thorthongdaeng channel,
supplying water to irrigation areas of 552,403.93 rais, at present, expanding irrigation areas into

Wachirabaramee district, Pichit, and Bangrakam district, Phitsanulok. From the study project in
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phase 1, development of groundwater management system for improving efficiency of
conjunctive use of groundwater and surface water, it was found that in this region there was
groundwater pumping to be water reserve to every water use sector such as comsumptive
use, industrial use and agricultural use particularly during the period that the surface water
resource from iriigation water or storage pond is insufficient in dry seasons. In the north of
lower central region of Thailand in irrigation areas, there are rice cropping activities both in
wet and dry seasons, encountering water shortage particularly in dry seasons. The farmers dug
groundwater wells to be water reserve during the surface water is shortage. It is found that
the potential groundwater in this region to be developed for uses amounts on annual average
not less than 600-800 million cu.m. (Chulalongkorn university, 2015). Department of
groundwater resource, by Office of groundwater resource conservation and rehabilitation, set
up the project of monitoring groundwater conditions, to check and watch out the change of
groundwater quantity and quanlity, including the impact assessment of groundwater pumping
from shallow wells. However, the development of groundwater modeling for estimating
groundwater quantities in various scenarios is not done (Department of groundwater resource,
2018). This situation causes unable to estimate the groundwater quantity to be developed for
use with reliability due to lack of developing a system for estimating gsroundwater quantity
and management according to water year types. This system, if developed, will be an
important tool for Department of groundwater resource to estimate available groundwater for
use and then coordinate with Royal irrigation department to set up a clear condition in
providing groundwater to be conjunctive use with surface water appropriately and
sustainably.

This research aims to develop a tool and technology to estimate potential
groundwater in levels of area, irrigation project and province, provide groundwater
management criteria from groundwater level data, define groundwater observation well
network to water user groups, and planning for improving water management in conjunctive
use with surface water to reduce damage of agricultural areas due to water shortage in dry

S€asons.
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Summary of study results.

Thorthongdaeng Operation and Maintenance Project

The study results on groundwater in Thorthongdaeng Operation and Maintenance Project
during the years 2010 — 2021 are as follows. Classified according to the water years, the average
annual actual groundwater uses were 43, 66 and 88 million cu.m. in the wet year, normal year
and dry year respectively and the average annual volume of all water years was 65 million
cu.m. Classified according to the aquifer depths, the average annual actual gsroundwater uses
were 17, 29 and 19 million cu.m. in the first, second and third aquifers respectively. Classified
according to the irrigation zones, the average annual actual groundwater uses were 17, 18 and
30 million cu.m. in the first, second and third irrigation zones respectively.

The study results on available or potential groundwater as classified according to the
water years, the average annual available groundwater volumes were 206, 173 and 134 million
cu.m. in the wet year, normal year and dry year respectively and the average annual volume
of all water years was 171 million cu.m. Classified according to the aquifer depths, the average
annual available groundwater volumes were 45, 75 and 50 million cu.m. in the first, second
and third aquifers respectively. Classified according to the irrigation zones, the average annual
available groundwater volumes were 42, 64 and 65 million cu.m. in the first, second and third
irrigation zones respectively.

The study results on groundwater recharge from rainfall, rivers and nearby aquifers as
classified according to the water years, the average annual groundwater recharge volumes were
78, 65 and 53 million cu.m. in the wet year, normal year and dry year respectively and the
average annual volume of all water years was 64 million cu.m. Classified according to the
aquifer depths, the average annual groundwater recharge volumes were 44, 15 and 5 million
cu.m. in the first, second and third aquifers respectively. Classified according to the irrigation
zones, the average annual groundwater recharge volumes were 21, 26 and 17 million cu.m. in

the first, second and third irrigation zones respectively.

Upper Central Region

The study results on groundwater from the improvement of groundwater model
developed in the study phase 1 for the upper central region during the years 2010 — 2021 are
as follows. Classified according to the water years, the average annual actual groundwater uses

were 705, 943 and 1220 million cu.m. in the wet year, normal year and dry year respectively
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and the average annual volume of all water years was 956 million cu.m. Classified according
to the provinces, the average annual actual groundwater uses were 97, 200, 19, 272 and 179
million cu.m. in Khampaengphet, Pichit, Uttaradit, Sukhothai, Phitsanulok and Nakhon Sawan
respectively.

The study results on available or potential groundwater as classified according to the
water years, the average annual available groundwater volumes were 2234, 2000 and 1655
million cu.m. in the wet year, normal year and dry year respectively and the average annual
volume of all water years was 1963 million cu.m. Classified according to the provinces, the
average annual available groundwater volumes were 288, 490, 47, 415, 452 and 271 million
cum. in Khampaengphet, Pichit, Uttaradit, Sukhothai, Phitsanulok and Nakhon Sawan
respectively.

The study results on groundwater recharge from rainfall, rivers and nearby aquifers as
classified according to the water years, the average annual available groundwater volumes were
532, 685 and 1004 million cu.m. in the wet year, normal year and dry year respectively and
the average annual volume of all water years was 740 million cu.m. Classified according to
the provinces, the average annual groundwater recharge volumes were 72, 174, 46, 141, 208
and 101 million cu.m. in Khampaengphet, Pichit, Uttaradit, Sukhothai, Phitsanulok and Nakhon
Sawan respectively.

Graph of the relationship between water level and pumping volume. It can be used
to estimate the pumpable pumping rate and can be used as a groundwater management

criterion.

Groundwater management criteria
The study result on groundwater management criteria to manage conjunctive use of
ground water and surface water appropriately and sustainably is set up as follows
1. Specify groundwater to be water resource reserve to be used during the period that
the surface water is insufficient to meet the water demand in order to reduce the
damages to the crop production and other water use activities from water deficit.

2. Estimate the seasonal groundwater abstraction from the graphs of relationship
between groundwater level and seasonal groundwater abstraction developed for each
province. Compare the groundwater abstraction to the available groundwater in order

to determine the remaining groundwater for further use.
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3. Use groundwater not exceeding the available or potential groundwater, based on the
criteria that the groundwater depth does not exceed 20 m from the ground surface.
Recommend to use groundwater only in the dry years of low surface water and rainfall,
then encountering the risk of water deficit. This sroundwater use limitation helps to
prevent the loss of groundwater balance and recover the groundwater back to the
normal level. The study result indicates the amount of available groundwater for each
province in each water year classified as wet, normal and dry water years.

4. Use groundwater not exceeding the groundwater recharge from rain, rivers and nearby
aquifers in order to maintain the groundwater balance between the ground water use
and groundwater recharge, leading to sustainable groundwater use. The study result
indicates the amount of groundwater recharge for each province in each water year

classified as wet, normal and dry water years.

Recommendation

To achieve more efficient groundwater management and conjunctive water use
between groundwater and surface water and utilize data and study results usefully to the
public in the area, significant measures are needed. The measures are to support work
operation in practice, study research and monitor work performance affecting to conjunctive

water use. The measures are recommended as follows

1. Develop data system

2. Study in detail on groundwater recharge mechanism naturally

3. Study research on conjunctive water use between groundwater and surface water
Improve and apply groundwater model

Study research on groundwater recharge

Develop criteria of conjunctive water use between groundwater and surface water

Publish groundwater data and public warning in advance

G N o ok

Study groundwater bank application
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More Time Steps
no

o>
no
D

17|im: Brigham Young University, 1996
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msdaesanimlaguuudians MODFLOW awnsadiaesaniwnsgnnssdiineldiawuuiidu
Fuduuufienudu uaglsifienadu wezanunsadnmedeyaiifieatedld orfitu Snanisaui
M maemeszme Maszuie uaseuduiussriessdudlumahatuildn

wuUshans MODFLOW Usenauusneyanissuiaidiiviinfidantstoyasiey fu e 10
Y0 Fauanshupadt 1-1 Felunsduaialy YANTAWIN BasickaryanisAuIns Block Centered
Flow luganisduaiiuguesnisiuaynads Tumsseesanimnisinavesilifulsgneuiy
FegantsAuai 10 90 Fefosnistoyauarnisimesuandnatu uilunisinwadsidldyans
Fruanmdn 7 4o Wiud gamssuaniiugiu gemniwesnislva gedeyanisguin yedeyaniafimii
yadoyamain yadeyaseduiuasyamuausndouisnmsadamanilasuiasyalddoyaniu
sensfinanslumaed 11 lnensdousiouuudiaeniu ashnsuandsudmnivesluganis
AU Recharge LLazéqﬂmiﬁmam River

pgslsfinny nMsfinnsanAmsfimesnisgunine dilduuusassiumsddaansin
Awiiweiitlilusuuiaeadudfumdodudiadevoanmituiluuinadisdmuel szt

A dalaluaunuiu oauanssiualdlunisaua linesduguauifvesiu auauiRvestuun

% 9: [~3 ¥
SLAUUN WUy
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M3799 1-1 gannsAaadluiuudiass MODFLOW

VOYANITAUIN

Y o
UUIMN

Basic

FANMINUFIUVBIUUTIABY LU MIAMUAYBULYA, TTUUNTA, YIeIanty

M3, Roulufsdy wagULUUNSULAUDHASNS

Block Centered Flow

My mssiwesTunsinaunseyiusvemsivalusianais

snguluisiagniamwad Wy Aniiwesmesamansveatun

% T
[ v o a 1

Well famsteyanisguin Aesenlsnu uasmatiAadeduauniads
UG

*Recharge fanatoyansfuthagiunilanu waenaififededuaunis

(flunsideuda (Borlosrmnadimesifiodousouuudiaey)

WuUdae9)

*River famsteyavnain wazseduihlumai Ssdinadenislnavesiilitu

(flunsideuda (Borlosrmnadimesifloidousouuudiany)

WuUdae9)

Drain fanatoyamsszuien

Evapotranspiration

IamsteyanIsAeseme

General Head

Boundary

vupsgaulaaulutudeinge lunsemuinaunageyius

Strongly Implicit

Procedure

AIuANTEduITNINeRdam1ans L eawn Uaymiseuuaunis Finite

Difference lagn1sAmuIng iUy Implicit

Slice Successive

Overrelaxation

AIuANTEdeuITNIINeRdam1ans L awn Uaymiseuuaunis Finite

Difference

1.5.2 519a2198AVBIVURDUNITANTUIUDTIAUBNUNITATUIIY

seiUeUA7981UlATINT USLNBUMIETUADUNAN 8 TUMDY LA8TS18aLLDUALALINATAT LT LY

WHALIUNDY 9T

1) AUsIusIudeyanasnunIun1sAnwiiii eates laun deyaaningiieinie

U5eNausie UTunandy aaumiasdn auv)iiangn wazguvgiiiafe Lagdniinisseine uag

Toyauuiauvii Jegausunaniniuinaneiniuiiuaznisinassin (eeUszaiunuiutoya

AUUNEIANAINIATINAG 2.2.4 1ATINSHALN ST U AN TaumARIUNISUTM AN T Yug kUil

drusiandndugnsiauaunuulouIen1sInnsugNsulusEAuiun T Indunanes)
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a 4

2 Awnnwideyagn-gnnine feyanisinasnin doyagnnssdingrtiuimauas
UszananisTdh (nevssanunusuteyaainlasenis 2.2.4 Tasnsiaunssuugiasaumnady
nsudmsdanstgurusuuiiduiandiendndugnsiaueusuulsuiensdanisigusilussdy
fufismriafunanes)

3)  Aesgideyatildnnaumeauumaasmnsanmguihuiamaasdisadnune
nsldin (Wazgauauiudeyanniasanis 224 Tassnisimunssvugdarsaumadiunisuimis
fansihaurunuuidusufiondndugmaauousuulovisnisianmsigusiluseduiiuiidomia
ATLNWILNYT) Lﬁaﬂizmmﬂ%mmmﬂ%’ﬁwmmaﬁLﬁﬂ&fu’tuﬁuﬁmuﬂﬁwmq6] wazdINNE@ UL UAUY
ﬂ'%mmmsquﬁwmﬂLLUUfé’Wﬁaqfnmmaﬁm%’uﬁuﬁ AU MovBsuAT (Local model) fifuty

0 dsnwasimuaaniferldduandiunleudaiuasinnuszduiiuimnann

UaUIMasEAUAUIUNUALATINISTAUTENIUSI8LRADUY

'
=

5 Uiuuwuusaesinaadildfaniuluszesi 1 fufisenansmeuuy (Regional

model) Tsassufunisdansthsedand itewdeuldlunis corun fulassnisduluunuaud 3
Papdnnisiluiuiinnanans TnedinisuszarunuiulassnsUssidulmuanudonisiuas
ﬂ'%mmﬁﬁaamﬁ'am‘iu'%m‘i%’@mﬁfﬂuajuﬁﬁLé’wwswﬂmmumuﬁ 3

o nunuteyauaiinnsiteyauaztinirdoyatildiulszaunuiulasenisussidiu
UhinmuamudesnmsiuasUTinahinaudenisuimnsdanisiluduind meszeluwmnud 3
wusraeshuimadildwanntuluszesd 1 Wewdsuihduuudeenihvina

o Uugsliuuudaasiumaissnanauuusedoudusedun wastiud
foya (Usuilsunuuiaesivsulg

° $rassamumsaliuimanuusneg auaamiiilagldssuuiantuie

Muusnaiiveldlunsianisuiianuiavihlaunlueiu

° asuuasamsusziiudiinaunsldhuimanuaninszauiuiaanasthi
lngnsmeanuduiuslaglinaainnisitaesaniunisahiuuuiegdieiuveysslumdnsnisgu
UnlensuAsEAuIUIATa USinasly wavasinasiuinuiiludeugiinauazdsng lneldivatea

TasevneUszaiiey (Artificial Neuron Network : ANN)
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6) NAILLLUUINADIUIUINIAFNSUNUN AU.VBNadkad (Local model) iiiaUseiiuaninusuin

(% '
o a

Jausatunlgleegruangaumutin

Tnelisneazldundunausall

¢ suswdeyanavyinanuilaluiiunfnwivedasing ieddeyawmartiunmvun
Roulvuazaiudssinaqlumsadsdeyaildlunisiuin warasruwuudtaedulewiu loun doya

a v 1

aVN5Ial Yayauau1na Lardayaunani

® A alUUIIaRLTNAn (Conceptual Model) andn waesiruinianlaainng

wswdeyanavnssaiinetastayaninauy kagiluassnvaseatuiiuinig

® 9aNLUUKUUTIADY (Model Design) lnsUszgnsdainuuuiiassdennudnliidu
wuudaesvadinatans Hdnsivuaveuawaziouly sudnisihdeyaninauiuwlaniy

AU UNNTANUI

o nsUsuiisuLuuTiaesluid asdu (nitial Calibration) lnsuuusiaead Lé
sonwuuliluanniznisiuansi (Steady State) wiavinisusuavauwaiiouls wisliaenadasiv
annivui

e n1sUuiBuLUUTIRee (Model Calibration) Inglddayasnsnisgudounds 10 U
Tusduvumsivaliaeia (Transient State) iitelianiwnisinaaenadosiuaninariduaisves
sedfuiluiiuilinniian

® aoulfiguluudnaes (Model Verification) mﬂéﬁaaﬂaé’mﬁmiquﬁwmmaLLaziwﬁ’U
ihiiinmstuiindeyaliifiensiraeuaunanAdouraILuus a0 UALYIAFOUNITNBUALEITDIN
wUsTuuwuusans (Sensitivity Analysis) Hionsaadaunansznuatnauliutueuvessusiifidona
Y0UVU009 wazrhmslinsgimaugailuiuiidnuiiioliesgimnisinadiuaginasenves

1UINNA

o Ussendlfuuudaesiiviufsuaiaudlulilunmshaesanmnisivavesinina
Wiothuuudaeduldfueiesdiolunsiiosannansenuseunaminuiema
7) rassdaunisaliuimanuusngg suanwiniaaulegldssuuiinmunTuitesusneet
dieldlunsdnmisthinfuuazléfumug iy

T Y
o a

8) ayuinauiieldlunmsianmsiiuimaluneitifuuauaay
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1.6 wafiaadnazldsu
nafinnagldsuannsdiiulassnsaansnagUldwsd
1) ledoyauazaanisnunumsanuiiuan
2) mams’iLﬂiwzﬁam‘wqwﬂ%wm‘fwmmauazﬁﬁﬁu
3) anililifanusziuiuinadiofanmiiuina
8) nadinaein1sd1sesnsInIsguiivinauasdnwuenislduiuinalulasinis
vauTENIU
5) uwuusiaenivmaiiufimAnasmeuUL(Regional Model) ﬁﬂ%’w?aﬂizam%mmﬁmﬁu
6) sruuanstuad UL AU vieneuas (Local Model) iusuifisuiaiaudn

7) $rUUUsEEUUS LN UL U IaANUENINTLAULIUIAALAE UL

8) sunuunsidiuimasiufuinfunmigay

1.7 asAUsznauvasseualtuauysal

enuatuauysalatuiiszneumelilen 6 undsenaunie e enuatuauysainig
aiuandluie 1 Y
o unil 1 umi nands vanmsiazvaxa Inguszasd iWivune Wundnw seileuiside

HafiAninslasularasRUsEnauYeITIBLatUANYTO]

[y

o unil 2 annalUvaINUNANE NaEe AN nglUTEWALAL) AU SEUUENUITRN

HunfAnwr anmnslaniu anmgn-gnningl annssaldugIuLazsIaIneT anmennssaiing

LA ANNLATHFNATIAY

o il 3 nMsAnwaamTuInIa nanis Feyverthuimaluiiuiidanw veuaa ve
Funanisal mswdstuiiuina auauiinisamansvostuiuina nssunadeyanisgu
yagouUIaiuIaa @mauﬂ’amwamam%ﬁuaa%uﬁué:mﬁwmma maidsuulasszduihuasie
yanslvarestiuinia nadeseidoyaildsuanmnumeaauImaaemSnTINITgUINUIALSY

d15798nwauLASUN (ANNtASINIS 2.2.4)

® UM 4 NISWAIUITTUUUIHITNITIANITUIVUINIG NA1ID TUABUNITHAIUINITINAD

(%
o v

Wwna Yeyavauimaluiiuidny deyaniivssinauaznisunases Jeyasugsiuing1uazgnn

WY ToyanusTiivekazanIng1uIng eyanuusiansldiinasausenisly
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[% (%
o v [ o

11 MsiawINsiaeadaunie ArnuanwugvestulagnsUsyanuens siindl nsusiliu

gnsMslduiuinia msuTuiiigulasnisaeumukuudness Malesziaugaiiuiaaluium av.

¥

vionaauwas n1sUsuUswuuIasshvmailaiaunlussesn 1 fuiaianameuuy Wsesuiu

As3anNIsUIs1edUewmseulglun1s co-run

o  yUnil 5 YSuraudnunanaluinuil AU.vianaduadbaznein1saInn1suIuInIa nanng

a

N1TIATIAANINNITIEUIVIAANUT AU.TENBIAT 518 Zone TIHIUNT UTUIUIUINAGIEATIY

1

anunsaldlaluanmUunmieg waginausn1sdnnisuIuImasmAuRRY

® unil 6 ayunanIsANBILAdBLAUBLUE NA1AY an1wIuIAa N1sUsEdudnsINslY

WIWIAN8 Na3ATITeLANLAINIUAIAFUIUNARBIMITATINTEVUIUINARALETINAN WEUYNNT

Y
14
o

11 @1nlasenis 2.2.4) Mmswwuwuuasahuinaluituil auvieveund asunan1sAnywIuTan

(%

WUIAalunun Auensauns n1sUsulTuUIIaesuImanlaimunluszesn 1 fiufinianans
nauvy Wsessuiunisdanisiiseduaniiivemiesldlunis co-run asunanisAnwiuTunan

vimaluiiuiniananmeuuy nunslddiuinia (Msguinfigensuld) andeyasedudiuiniai
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UNa 2

=

anmn2luvasnunAne (AU.YaNaILA4)

[

2.1 daniivsemanazlidugnu

WUV ONOWAIATOUAGUVIIVUA 4 F9nT AB MUNINYT qluvie RTINS uaziivalan Wi
1,347.50 15190 taLUAS USEnause 8unawilad 91nea1unsele 8nansIunsese ounalnsany

gnenslnsaie dnefsund sneliesgludis wazdtnoTsunsll dneunesei denawninsie

v v

AUuTImInlnawes Aedl

v o P

ienile Ansoriudnnailosglesie dwnendlnsane Jswinaluiiy

o P

Pels AARDAUDLNDLLDIAIMNINTT S LNDINTINY FIMTARIUNILNYS

[y

firmgiueen Aeseiudnausem Jaminiivadan sunedsu1sll Jmiaians

v o

Wrmgiuan  Faderudnnensunseitg Jamdndunanys 81Lnefsune Jwingluvie

a N @ ) ds‘u a 1Y lo’ [ o w a
AlUszAtanwugtldUNIgs Utsunal 5% ToINULdulLaInulIansIsaney nena
AZIUANITONRDINIRAINLAYADE Y alnasunludnvaziTuaduitiu1dnUszaa 15% V83U
Fedmunlondu 3 anvesy Ao

(% '
=~ =

2.1.1  Wulge fufunas Yseneudie iuiiiualungey uagiuig

1) duddwenduvgan Wuiiunfegludunziuanvesiiui wansdnvazlane
voufiun vionguwndundens Tufisu darugaszana 70-100 wes wdleszaudmeialiu

AREN

= J

2) wunguungs Wuienungenung Juanvesitui Aeseiuluwuiiamilowasfiala

) & ! [ v v v v o = & ! = [y H
LUULYALAUNUTENINIIRIARNAUIIIAN NI NG S iJf"I’JWﬂJEj\W]QLW] 800 — 2,050 WwuaIsnuUINgLa

Y1unae

2.1.2  wunsu Wuiuisuaseunaunsunauaiuny TueanveIiui ushusinetiios
ALNBNYS DLNBAIUNTETD B LNBNTIUNTEAY B Nalnsiny snendlnsand auiFngiueanyas

gILN0ASHNA d1NBLiledEluy 81Ln0ITTUTH kardLnBUNTEAN HTEAUAINNEINIAY NITEAU

Yszaney 40-70 wUeS NTEAULIMLaUIUNa9
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2.2 syuugunvaINunNAne

szuumath sruumetudadu 2 dndnedaedindn fo uwhiis wihen wasuiihun

sruuthidl 1 1 Jumad e aaes aegos el Aresiiouny Aresuowmil Aaeses
AABILIY WazARBIAINNI UShinsuatuden dunailiesglurie naaindiengTunnluniedia
ny uoonlvaruuiien vinusunawlesaluviy uasdinnestion Aresieds Aaeshedslion Aaos
yuavians Aaadlvg Aaedliidu Aassnie Aaaw vnasuat i SuneATine naaindia
pgJunnlumsiieng fusonsamiuuithen vinasuauinnsy sunawdesgluie fnaedlugiidfa
nenstannfiamiloasgfiedls asamiuuithls Unastnodieshunnes

szuvthiudl 2 Wussuumahitlvaasguivon wu eassaudt sheuulng luassune
aunszde Swdadunanys Smailivuwdy Svagvesmailudniadesuinlpeineuiey
Tusunofiany Tusenuassunanunszse aoulaenszaieglusnuriustnounasyiguaiii
g3 LURgNDUNNTEAN Jamdiniiyailan

sruvthiud 3 ussuumahilvaasdusdthung wu Fhetes asesan hes lumsune
o Fadadunanes Smailivuwy Snvusvemailudniadosuialaedneuierly
Sunefiany Tuoanvassunalniny seuUamenszaiseglursnushusunedsunsiguaiit e
JNIANINT

yvaa

2.3 @IS ENAU

PNMIANYITeYaNsIEUsElevunAuasnsuRmuINAuT w.a. 2561 TuNun@nw dadandly
M1597 2-1 Uaggui 2-1 nud anvagnisidusslevdnaudiulvgife uninuasnssuiesas 89.85
Hunyuvudowardunfovay 6.59 NuiunasiAndusesay 2.62 NunUAadusesay 0.84 fHud

desdnifnluiovay 0.14 dndiuveslssinnuesnunsnssuiinuunigafe uidna (Gevay 53.24)

399891779 Do (§ovay 27.69)
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AN571997 2-1 M5hUsElevUNAUTUNUNFEN Y U WA, 2561 (NSUNMUTIAY, 2561)

Usznnnnsldussleviifiau Wit (99.080.) dndu (%)
Nl 10.90 0.84
ﬁuﬁmwmﬂism

U7 689.00 53.24

998 358.32 27.69

g udu 13.70 1.06

ldiwa 65.42 5.06

NERINTINBY 37.95 293
fiuimpmuuazdsgnadng 84.86 6.56
WE 33,91 2.62

59 1,294.06 100.00
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2.4 40 TNRN-aNNINY1
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2.5 FANSIUFTUFIULALTTUINGT

2.5.1 A msIEANeT Snungmassdinedminfunanes Yssnoudeiunanseiasiou
fungnou fiuuls fudail uazpzneudiu Afengfudumeaniuauiuisuauisgamomesunieny
wnnin 570 F1ud-Hagihy) Taefufidnlungfusnunounasuasns fusenvestaindunenousud
azanialaeviai neneuwdaun azneudiinainnsyiseyfudl wazudans Tunnuosiiud
Usenaumefiuwlslunmeaniuauuiow sawauuIey fusznaugreasiniidew eadldou-lug
ou Fiunznoudiazaudilunziaussnnalusgamnalolsdnaeulaneviegamesiilou funzneud
fnsazaudvislunziauazuuun uariiudailyagusadn dnvasvessdineluiuiiviensaung
Usgnaudsfiugaasueiinlaa-inesiileu(Carboniferous-Permian rocks; C) fumgneuuasiiudy

(Silurian-Devonian; SD) warAzNaueIyAIBLNESUI3(Quaternary) lagisasadueganwibugau

[%
v

fatl

2.5.1.1 fiugaarsuaiimasd - iwaifisu(Carboniferous-Permian rocks; C) U3l
Jardanunangsnuiinluansyaediegifintesuinaiienuidny nemsumiovesdnensiu
nszeng Vinauveeawman sunelnduiiuasiduiiuyasuaumesdadeulsiunguiuwimiludud
ffuneuasiufunuitmaluunaniiouiu winguiiuduanmesinhefiugiulwsdusgie
naNuAIUAILYEY UsENaunIY ﬁummgwwlﬂﬁauauﬁl%ﬁ Fuiiuduns LLazﬁuﬂﬁmqmlmﬁa
15leladt 7119 ma1ad sogmeinunzTusonvessinetunuatunes Taminglis danuvun
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a1 trudunse shuataivuse Uruewiyasel Uhuliauuisein duaaiunsyle
yytuiiwdeldiludam 2-10 ava/su. amnmdnlngfivingaiudmnsgiu waed
Amglelsgsluasiuaussanaudud 1wy fithuinaedams tunensedis Tumsieniies thuay

M Urudsyngudud thunsiuey

2.7 SANLATYFNIAIAY

2.7.1 U510 3NMsTusindayadnuindsesnsannsunisunasedlud w.e. 2563 wuin
Tuiiufivienowuns T91uiuuseenssiuvisdu 148,415 au wiadu Usgyinsyie 91uau 73,017 Ay
wazUTEYINTNY 91U 75,398 AU IIUIUNGIANTOU 53,056 na9ATeU a3UTUUTEYINTIY

srualud wa. 2563 lamansned 2-3
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A1519% 2-3 uUsEIINTTIgsualul w.e. 2563

. L. . . R U
avu I N0 Aua Sty MY Pk o A
ULNGRISRIY:
1 Awnamas | lnsay Insany 2,393 | 2,601 4,994 2,458
2| Munawnes | Inso Ussangudud | 3744 | 3,796 | 7,540 2,273
3 Awnames | lnsay U 3,512 3,545 7,057 2,516
q ANLWLNYS | WIIUNTZANY WASE 4,044 4,030 8,074 2,895
5 ANWLNYS | WIIUNTZANY ARBINLNS 2,884 3,045 5,929 2,229
6 | fAwwanys | wiwnseeng | Aetiules 2,263 | 2339 | 4,602 1,577
7 ANLWLNYS | WIIUNTZANY TN 2,622 2,588 5,210 1,647
8 ANLWLNYS | WIIUNTZANY e 2,592 2,671 5,263 1,579
9 AWNGNYS | LD NSNS ﬁﬂuﬁ/jﬂiwéma 4,511 4,693 9,204 3,613
10 | AWWNNYS | EDIMWNGNYs | @5zwni 7,722 8,228 15,950 6,420
11 AMUNGNYS | aunsele JuUnIN 2,155 2,086 4,241 1,348
12| Muwanas | a1unsele NG 2,868 2,865 5,733 1,770
13 | Adwanes | arunszle dnseenes 2,274 | 2,505 4,779 1,882
14 | Adwanes | aunszle Tuuwang 602 645 1,247 551
15 AMUNGNYS | aunsele TaViuLsn 1,649 1,670 3,319 1,151
16 ANNYS | aunsele aunsyle 1,516 1,521 3,037 1,941
17 AMUNGNYS | aunsele NUDINAN 4,776 4,703 9,479 3,078
18 gl | A ASu 2,670 | 2,667 | 5337 1,626
19 gl | A laun 1,425 | 1,607 | 3,032 1,602
20 gl | A ARNHEN 1,071 | 1,132 | 2,203 681
21 gl | A Yanang 3414 | 3722 | 7,136 2,382
22 gl | A Uudeu 2,298 | 2,389 | 4,687 1,493
23 gl | ASune Unnse 1,815 | 1919 | 3,734 1,234
24 gl | A GRFGTPN 2,524 | 2,617 | 5,141 1,663
25 gl | A VUDINTLA 1,598 | 1,747 | 3,345 1,008
26 gl | A Vueadn 4,075 | 4,067 | 8142 2,439
373U 73,017 | 75,398 148,415 53,056
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2.7.2 WNWATNIIY NUNLNBRINTTU TN 808,804.88 15 Andudesay 89.97 vaaNuNAnu

v

fiuasugnandfgyvesdanda laud 417 deslsanu lidudu lina wazineasnssudus) Wudu wui
Ugnitweswghandrfey lawn dnfiiuiivan 431,895.17 15 deeiinunugn 223,951.41 15 lddusud

fuilugn 34,803.63 15 lafnafiuiugn 28,416.36 15 wazinunsnssudus Iiuiign 7,270.47 13
eaziBeadame 2-4

'
= 2

A15199 2-4 fiviAsugnandAnvesiunany

o

Ik flufivgn (13) Ik fudiugn (19)

W1 430,622.97  |[Uszanldua (si0)
W+ INA 292.47 ANEN ABINDY 521.58
WU+ 68.45 ale 889.64
W+ 435.71 Uzl NAUNIUA 10.74
fiufigu+u9n 47557 [lffwowan 94543
394 431,895.17  [lWadv/denlnsy 1,348.69

eiptl 28,416.36
998 223,951.41

Usznnldigudu
Uszianldina g uAuNaw 91.46
nseviou 7.12 fifususr/deninsy 85.31
ngwa 158.01 Usea 150.89
naeY 4,489.19 (37193 22.12
Née/s 1237 |meq 40.60
QEPEATEIAG 8.54 lriugniiionsin 46.72
NAB/UzUN 81.66 WU 1.58
nNae/uzUTN UzeeTn 10.62 Undaisty 749.38
née/anly 25.84 BNIT 3,815.22
nane/dule 8.78 YWITV/ULUT 73.83
wlans 2.02 HWITV/UEN 19.10
Ny 147.53 gANaUAH 1,728.97
YL 1.36 gANaUdE/dn 11.19
W4 652.08  |awian 28.04
WSy/nseviou 4.62 &n 3,985.84
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24 ¥ 24

Ik wuugn (1) Ik wuiiugn (13)

NS 3/uzum 4.38 dn/nany 15.80
W3s/dile 6.03 &n/dseg 35.93
SAERTEY 10.89 dn/uzaing 14.82
Uy /dule 6.11 an/anly 1.05
UEVIUNG 35.00 Hudlenas 23,219.04
1L 1312947  [fiufiqy 659.96
UzU79 Uzesln 18.74 fiufigu+fudusnds 2.66
UZNIT7 20.98 auUszAnms 4.15
UTNF1Y/NAY 10.20 394 34,803.63
TN/ Uz 36.38 \NBAINTTHBUS

nywi/anly 631.98 fuden 143.04
g3 1,166.08  |fundes 5.67
Nay/nIzviou 2.56 41INR 3,814.70
1za9/nane 264.93 o 25.07
g3/ 10.57 N 16.98
NZAI/UZUN 6.39 "IN 5.50
12al29/08UT19 Uretn 6.81 WY N 2,156.10
1Y/ UzazNg 87.90 InwRIHANNE/ISUEIUNEL 549.51
uzdy/aly 126.90 TEREY 57.98
Uz3/dule 12.48 1zaYNo 296.73
GH 3,328.87  |uzazne/uzumd 8.76
du/nany 125.65 ldinen liusgau 190.44
dule 41.26 391 7,270.47
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vienasuns $1uau 1,033 Ua (MeazBeamunianun n) lnediseandeadsi
vathuimainuasnssy wagteruiaaguina-uilaa Snnsveeygin ludeeasiing
Uszdutianisguiiuiaaduald wiedu gnuiadiuns/fu luasiuiivenosuas S1uau
fiavun 886 Uo fail
- dethuinauieinussnssy $1u7u 786 Yo

- daihwmaiegulaa-uslaa 91u3u 100 Us

3-1



enuatuauysal |

TassnsUsziiudnaninuaznisidiiuinaiien1snnunussuunsuimsiansinsuiviimauluiuilasimsdanuasingeshvivionaung

U211U719185579 LazUauIuIn1agnaInnsTH TUTuan1saudIuInatuinly wiae

Ju gnuiadwes/idieu Favedenandnisiiuaildun luwaiuiivieneauns Suiuisun 147

- vethuimarivessia 91u3u 94 U

- vsthuimaiiegnannssd 91U 53 U

(%
K'Y

Aatiuarausaasulidn luwanuiivieneuns d31iuvesuinansdu 1,989 vs Fuduve
YBINTUNSNINTUIVIAE 311U 956 Up waztluvstenvuniinisamzidsulitunsunsnensi

UIR1a91UIU 1,033 U

v [ ¥
LY o 1

3.1.2 Uadunan1sal 191a5¢aUuIUIA1a 91NUEUNANITAI I UN UN Y ONDILAILAE A UT

Y

[

859U 91U 16 @l wunlasadl

] v
aaa U o w

- ANUNHLATETINSEAULNOMIUIIR(Recorder) 91UU 7 @018
- aoninlufieseeinseautnonlud® 91uiu 9 @andl

lavandnludieiasinseauindnluds asinisinseaudmndunn sawsiieusunay U
WA, 2563 Audauweu U w.a. 2564 Weliudeyaszauinuinia dwanndninisfaniesinssau
Wdnlulf ansasengseduiilannlusunsy TGMS FagualnedineySnuuasluyuiuinia nsu

NINYINTUUINANEIATIEINITRLLALAAYBITEAULIUIMARILEAIIUFUN 3-1 WagANT197 3-1

3-2



enuatuauysal |

P
g a a v

Tassinsuszliudnenmuaznisldinuimaiiensnaususzuunsuimsdanainduiuiiiiluiuilasmsduaeingesnvivieneuns

553610 558610 563610 568610 573610 578610 583610 588610 593610 598610 603610
f ' 1 f L i f f

608610
f

613610
A T :

T

1870174

1865174

1860174

1855174

1850174

1845174

1840174

1835174

1830174

1825174

1820174

3

4 S =
t
553610 558610 583610 588610 ®
» P ﬁ’ 5 % 540000 530:)00 620000
AaBUNEAANL g_ < e P24 = _§
° o e o y =3 -
@ umisiedunmnizal @ Recorder) A with A
o et Mo e aglwvin
O sumditiadananisal (8 Recorder) = ARDY 3 i g
g1 amn .S
5 G - ¥ a ¥, oa B adunlan | 5
. FLURUILDLIANA (NTNNTNLINTUILIANGR) UTHIUUININDY
o Sl . E ] 4. ¥
. ALLUUILIALIANS (LDLenTi) . NUAN, W17 g g
g v 18
i o H Nud 3
D deuATuAAnEN | Nuinee = Fuiidinn =
D PALNUARINGA g f s H
27 ERTErTS s
0 10 20 40 60
— VTR
540‘»0 580'000 520‘}00

JUT 3-1 uwsuiianswiuviavainuinia densuninensuiuinia vedunnnisel wavdsionyu

3-3



sspacosy g, | wwea) | 096§ PABLLLILE 3 2WHIAZ | 210212 LT = @ el | mseiern RN z seolp ke ulo 20T |55 1005 N[ TTODEEO? 610USDN | 9%
sspacoyrun [ wpuen) | 0965 eeRGRLLRLL 9 SWHIAHZ | SWZALT 9249 og 12 aelE | mseiern RN z [1317) :&N:?:BFB.» 9@ zieT [s52026 |Np| OTODERDS 610USDN | SE
JIpaosSy 1L Fw—w:ba.;r vSs2 Pﬂ‘égg 250 T0ZA A T0ZAEEZ gl TS 14 Bnpwm. rergy N\szrﬂr Fa ﬂa..nwﬁ,&s?ws&uhtﬁlnm:?@hm ATTLLST [LT0025 |NLD| 22002005 Zmouson 3
JIpaosSy 1L Fw—w:ba.;r vSs2 Pﬂ‘égg L6 TWOZHSARZ | TW02K5/722 LTTETT ozt 9z Bnpwm. rergy N\szrﬂr Fa ﬂa..nwﬁ,&s?ws&uhtﬁlnm:?@hm ATTLLST [LT0025 |NLD| 12002005 Zmouson €€
JSpaoeY 1t UOR), | DSSZ P LELMRLLLLELS ves T0HNEAZ | TI024AT 2p1-207 157 15T Ao E rerg) men 2 PR R L RWLREKZERANLER| 21T 2 20T | 210026 |N2p| 92002008 zrouson | 2¢
ASpacoT IR | WRUER), [ 0965 CARLELITLL ST WHEAT | 2WZALOT 0622 e 13 AeE rtys reigreawn | 2 urpE AT BRI 10200t (2ic0es LD STODERDR 9touson | 1<
ASPaCOT IER] | UAERY | 0965 PAIRLTLLCLLY S 2T 2WzAEL | sroZeN oep i ] Ao E CETE raigeLmi | 2 urpE ATl 10200t (2icees b DIODEDDS 9t0UsSIN | Of
APpICou IE AR, | DSSZ P LRLANLLLITLS %'ST T LZZ | TI0ZALALT 95 7 ) el | e i € VLAKLASHRE L] T 2T |6 21165 [NLb|  200WL0DS Trouson | 62
JopIco If Fwﬁ?..bmr vSs2 P@anﬂﬁ!gg T PT TIOZ/LALT | TI0Z/L0T 2ET-2ET 2T osT m»u._.m. LRt O gzﬁ\s £ VLARLANHEE TS TS ST (6 2TT6S (NLD|  TEOVWLIODS Trouson 22
JSpaosey It wruen), 0965 PRARTLILLY 6Z6T LIDZEAEZ | LTOZAEEZ 2608 2t z veriRy [ uzen EE Y 2 (nity) Liiue vl mueer: TLEWLS SPEDST (SPIPCR (NLD|  STOJSH SN | 42
J9paosoy 1t Yineay 0965 PARUTLILL] $02 LWERZZ | LI0ZART L1269 e T2 veprdRy [ usmen EE Y 2 (nitzr) L e vl rmuenr: TS SOSDET |SDIT0R NLD|  DTOJSED swH1on | 92
JIpaosSy 1L Fw—w:ba.;r 6 96T/ZVRZ | 26 TIZTZ §9€5 59 b xmw:wwzu wzna | rospars | s ALY 205D 2T | LSPP0P (N LD 62ToE POONIDN 52
JIpaosSy 1L Fw—w:ba.;r 6 96T/ZT02 | 296 T2/ 1T I9TEDT 9T 9T xmw:wwzu wzna | rospars | s ALY 205D 2T | LSPP0P (N LD 2ZTUNe POONIDN vz
Gl B LT L b2 WETILALS | BETILT 200-2L€ ob e [ S T e A 0epSeT (L5909 NLD|  L2TWve ONIONn | £2
sspacov e | wpueny [ 96 peRLITLE) rez LW0zZEE | oz 2602 96 % ZUER reLnaz e S | fune) R SN IR BT IR 9 656 T2T [SOTE09 [NLp|  2103St0R 22
ASPaCOT IER] | UAERY | 0965 PAIRLTLLCLLY STST LI0ZEOT | L10ZA£0T 222t [l (= e reLnaz 2,3, s | fene) R s N R BT IR 9 656 T2T [SOTE09 [NLp|  L103SE09 vDHIdON | 12
ASPaCOT IER] | UAERY | 0965 PAIRLTLLCLLY Z22 LW0zEE | oz 9526 o w» e reLnaz 2,3, s | fene) R LSRN R B IR 9 656 T2T [S0TE09 [NLp|  9T03SE0R vDHIdON | 02
JopacoIy q.nu_d. Fwﬁ?..bmr 965 vm_ﬂ_wﬁkvﬁbw 96’ 210228 STOHZE STTT 61 61 RRTHNUS | BREHLe parend z VTN r?.&gz.ﬁn 299DELT [PPSLS NP O200ER0D STOLdXDN 6T
sspacosy g | wwea) | 096§ PABLLLILE @%'s 222z | 02 9925 oL oL AT | enmee | ronuedra | 2 g r:_&gzﬁe—uﬂomw« 95225 (N[ 6 TODEPOR smLdon | o1
Aspacoy _..nq.d. rw_.z.bmw 0965 vm_ﬂwf.tvtﬁ. 272 2227 20270 692 = =) SARTRNW | B e 2ot 2 =3 ...:.rwgwehﬁa 299DELT |PPS2LS (NLD|  2TODERDD SoLdon it
Avpacovy 1] | WA [ 0965 MRRLELITLL ves WWEHT | SWZAALT pE0s 2c = mAen | enmee | enswwe | g AL e|0sEeseT |SES6 S (Nib|  T0DERTR vroLdon | 9%
49puooay -.nu_.d. Fw—w:ba.;r o965 vm_uwwf&?rﬁw 7 SWHERT | 2TOZ/EDT 219 9L €57 SRHRTHNUS | BREEHLE Bz s LI BVR|0SE2ELT [SCG6S NP | 0I0DEROS PrOLLON ST
aspacoy run [ wpuan) | 096 s PRGN 2 WHEAT | 2WZAEART 920 os o5 MRERNUE | Basme [ peena) 2 rL Rt cos2EeT (O o6 (NLb|  £O0Der0s £mLdon | or
ASpacoT IR | WRUER), [ 0965 CARLELITLL Z<t WHCAT | 2IZADT 001-26 01 0t MRERNUE | enasne [ reeRay 2 r il coszeeT (o2 5 (NLb|  Z90DE00e cmudon | €1
(NUO)IPRIOSRY IE) LAY, | 0965 CRBLTLLCLE 2 2202 | 202202 IPDE 05 o5 muwsn | s [eagiedos 2 reoEIe) % 22T [PTPesS (Nip|  eanDepos emLdon | 21
(NUe) IRy IE] ea) | 0965 CRIRLTLLCLE z6 2202 | 2W22HT 02ZL ve 3 T I s T reomue) % 227 [PTPeS [Nip|  2a0Depos emud:on | 11
JopacoIy q.nu_d. Fwﬁ?..bmr 965 vm_ﬂ_wﬁkvﬁbw e SWHELT | STOZ/AEHT ©z02 22 @ SRHTHNUZ mcm,nrcz‘rz LA, 6 %éﬂ?ﬁ?ﬁn L25ID2T (2025 NLD| 6 200E009 L10L4X0N or
sspacovy g | wpuea) | 096§ PETRLRLISLY) Lot WWCRT | 22T 1655 9 ™ T L ) I T A LLLS :am.ﬂ.,ﬁ}ﬁa—»mnhvw« 2EWL6|NLID|  2200E009 aoLdon | 6
Avpacovy 1] | WA [ 0965 MRRLELITLL &9°0T WHEAT | LWZADT 9622 0ot 201 T L I S I AL LRGN 1261007 (2E2p25 N LD [ 2200E000 aoudon | o2
J3paoey 1t piveny, sg 29610102 | 296 TAOT/2T 1550 s = R L I T T e J09es £2T | 260595 [N LD 9043 sooLdon | 2L
49puooay -.nu_.d. Fw—w:ba.;r o965 vm_uwwf&?rﬁw or 2mWz2Ns 10X 2P 2909 k23 23 SRHRTHNUZ ﬂk.,uczrrz [ R kA L r#&ggﬁp 6 ZFZEST |L096 L5 NP |  LTODERDD mLLON 9
dOpacoY IER | UHER) | 0965 PEARLTLLCLA ot 21022/ | 2102708 6616 @01 ot L LR ) I PR 9T e «ﬂégzﬁ‘.\—oﬂumw« 1096 26 [ND[ 9 TODERDS 9mLdOn | §
I9poSy g, b G 8 0965 PARTLLNLS 90s emwzze | 0HEe o< o] @ SLREHNU [ rofzit] resrtpena | g Zg.nm.wsﬂ,m?uvm,n.ﬁt?w.ﬁ StODZLT |SPEL0P (NP | 9 200Et09 ToLdon v
I9poSy g, b G 8 0965 PARTLLNLS ST0Z emwzzne | 0L 2102 2¢ o2 SLREHNU [ rofzit] resrtpena | g Zg.nm.wsﬂ,m?uvm,n.ﬁt?w.ﬁ StODZLT |SPEL0P (NP S200Et0R ToLdon €
Avpucovy 1] | WpueR) [ 0965 CRIRLRLITLS sge 2WzzH | w0y 9905 =7} oL MRERNUE | reezi vaseni 2 PRRADNLN] P ZATELI Y TS0EZET 190165 |NLD | 22006009 omLdon | 2
JopacoIy q.nu_d. Fwﬁ?..bmr 965 vm_ﬂ_wﬁkvﬁbw T¥e 2102285 S10Z 2P 9eze (=] " SRHTHNUZ LA r.w._aoﬁs. Fa 3&%——_‘5‘%&.—391 TOOEZLT [T90T6 5 [NLb|  T200E0D omwLdon T
VUG U TN Fwee LR (18) BUAMLANIE | CoprR RIRG | A0S LG |(11E) HUBUAR | (18] LIt o | [T 2.0 Rr0 L [ muee IR0 g weh wwep N9 |3 n | M) (B2 BTG MUE ER RIS | ngLe

PELUBUIEEAMLUIBETER T-€ UDLELY

v@jv@\r@_\rhﬁﬁm%r?n@j LILRRELURESATLMIL]FLYEMLIL AU ELILELUBCELUENELUNMREMMITELEELUCMIBLULALIL]ELURBTIMLUBUBIIEIRE LELUBLY]

| rsEfrtBnABNLIRLE




enuatuauysal |

TassnsUsziiudnaninuaznisidiiuinaiien1snnunussuunsuimsiansinsuiviimauluiuilasimsdanuasingeshvivionaung

NANSINSEAULNS8LADU

v '
v o A

nansiasziuini efnauaniunisaiiuiealuiiud Suinistaseduiainanid
Funansaiilifiniestaseruisalufivionun 9 aand fuandunisi 3-2 TnevinsTaszsuh
FemuTaszautin(electric tape) fausiioungAINEY 1A, 2563 HufeulBEY 0.A.2560 Waz
WeungASNIEY WA, 2565 SufouiwIy w.e. 2565 AnNani1sIasziuiiuIaanuItseiui
vnaluethuimassduiuuaruethumasssuaniunliudullufiemadentu Tneuws i
vosszRuimaaranaduafeununifusauiafounmou uazszduihuinarsfiutuluris
Foungainey seduihuisafianasnniigauieudisutussduiunivdaansedananisnl
nuranadeglugae 3-9 was Aufifiseduiruinaanasnniianeglufiufiduandsa suats
AZLUN DUNDNTIUNTEANY JIMTANNLNYT wazeuadadl 81001050150 JmIaNIng drusesu
innalusouszinanaseglurae 1.5- 3 as uazervanasiorag 4-12 wmsld mindinsguih

PNvauImalnalaes fawanslugun 3-2 e U9 3-3

A5199 3-2 A insEAuLnURdLNRNSal

. . st AN
o . . . . . . - iy | ssgsvienses | o
S RUTRRTEL ] VNNAUUD Zone] UTME | UTMN an1ti vy snua fne ENE) vtz | ua i
() [E1B}
() A7)
6043Q021 U TUsesmar 7|vueenan nsamm AUAYS 90 82-86 8.81 105
1| uckpTO10 47q| 591061 | 1823061 - > -
60430022 U T samaag 7|vivansn s umawes 70 54-66 8.85 109
6043Q016 U stup R 16[1isa WsTunSEETE AUPRIYS 103 91-99 10.30 120
2 | UCKPTO16 47Q| 579647 | 1832129 < -
60430017 U UG 16| Ttsa WITUNS2ENEY AT 72 60-68 10.00 114
6043Q027 A 9[EIUn WsunSEETE AP 100 88-96 10.69 101
3 | UCKPTO17 6043Q028 ato| sraraz | 1847527 |utasm 9[mEIUn s TungEY RGN 61 53-57 10.71 105
60430029 s 9 HgIUn wsTUnSSNE M 28 20-24 4.10 0.68
6043Q032 [AedIunemagn o 7/Tuuwan aunsste AUPRINTYS 103 92-100 13.22 108
4 | UCKPTO13 47Q| 589240 | 1832543 ”
60430033 ARETUNANRANL 7[Tuuman a1unssle uwawes 50 42-46 8.00 103
60430030 ULAusem S 5|a1unsdla aunsile umawes 76 64-72 13.00 099
5 | UCKPTO14 47Q| 589240 | 1832543 [ - ” ” -
6043Q031 UAUIE S 5launsdie a1unssle s 38 30-3¢ 5.4 095
60430018 uanazTngn 2|vivamEn aunsile umawes 98 86-94 8.28 106
6 | UCKPTO15 60430019 47Q| 578564 | 1834662 [udhwxTnsn 2|viuawmiang a1unsfie umames 70 58-66 593 103
60430020 uanazTngn 2|vivaman aunsile umawes 19 11-15 3.96 102
6043E015 UL 5[4t FsuIsh Wy 96 80-92 287
7 | UCPCKo24 6043E016 47Q| 608105 | 1819356 |uwuewm 5[Udin Fsush [Vfms 60 52-56 2227
6043E017 UL 5[4t TsuIsh Wy 30 18-22 15.16 098
60430010 oM 2[uUnwss finaglaie Ay 80 68-76 643 099
8 | UCPCK019 47Q| 588755 | 1872656 ”
60430011 U hems1eya 2unwss Hrasglaiie dllai 43 36-04 13.00 101
60430014 nawadiog openiier [ vy 94 82-90 | 1150 108
9 | UCSTIOL6 470 588578 | 1852481 [ . »
6043Q015 yeatiieg 2|paaiied GG allaie 64 48-60 1245 106

3-5



enuatuauysal |

a

Tasansuszliudneninuarn1sldiiuimafionIsINWNLSEUUNISUSINSInN1st T IuiuiRAy IuwuﬁiﬂsﬂmimmLLavmiqinmmmeLm

=0=nudn 103 u. =@=a1udn 72 u.

-115
-12
=
s
3
aé -12.5
< e
[
=
e 13 ¢
@
cC
< /‘-\“‘
e
?:l' 135
= T
@
2
*
14 L
4%

RPPIEIIIIEIEIJ uE‘ (X@@@(B‘@‘ FEIFFELLLE
-b'@ee@eee&&&& @«»“‘
GRS QQQQQQ e%%%%% 5§ RS A

@N > Q&@N%% N%%W

JUN 3-2 szAuinannil UCKPTO16 Unumuewmeld vy 16 dualndsa snensiunsesing

FIAIAANILNYT

=0=pn7uan 100 u. =@=@7udn61lu. =O=a71udn 28 u.

-10

-15

syAUUILIANRNEIGU (Lues)

-20

JUN 3-3 seavinannsl UCKPTO17 Uruiauea vy 9 fiuadanziun 81nensunsesie

FIATAANINYT

3-6



enuatuauysal |

TassnsUsziiudnaninuaznisidiiuinaiien1snnunussuunsuimsiansinsuiviimauluiuilasimsdanuasingeshvivionaung

3.2 NSHUITUUIUINNG

ndnwazngnnssalIveansduwnud Aslugun 3-4 Asuaunsadwunduiruliming
wulunuidnweanladu 2 nqu lawn FuiuliunluguitusiuUnconsolidated Rock) Fsaznu

5 vidieiiuduui(Aquifers) Usenausmae (1) Fuiuguuinznaudinigatagtu(Floodplain aquifer/

= o [

Alluvial aquifer: Qfd/Qa) ainnuiluduuuanvestunuliiiussinndunzneusiusiu dnlvgny

' 1% 1
a1 o o [ 1 1

Veranvemaind1Agenee veuiinls su wazuu Wusgnounsaansenddianynounas

q o

iy
uuf Snsdnvuaiunsnadudeduiunieniofunsouds arumuilasindodud 10-30 wes
(2) Fuiiuguthmenoutimnsuia(Alluvial fan aguifer: Qaf) AuluamunszaneduinueuLs s
vmamufiandan W dain wesysal 7303 way fvalan Wudu Snidudunsansevsuy
fhefumiemun lifimsusndussrimmeuarduiumiesgadaau anuvuilasndesaud 20-
50 s (3) Fufinduinznounzsinmitgal(Young terrace aquifer: Qyt) azmuaiiagléduiia

v 1 '
¥ o o =

gudngnautn Fsluduiiunznouduumviiell awnsanulan 2 wuy Ae FuRinuduinagnaungin

oQ *°

ihgelmiLuuaiusgingitihsedusi(Low terrace: Ql/Qcr) uazduiiuduingnaungiinungelvsl
aungindmirszduga(High terrace: Qht/Qem) SAvumunadsUszan 80-100 s annsauvsld
2 dan I danunytl) diilvaiseneusetunseluiumienteiunietunse wasmse
azldun JAnunuIUsERIN 25-50 WS @uneuaiaQyt2) dnnuidunsiansie wsensaansiguuiu
willen fanumuUssann 2040 was Tneduuuusastudrsingndunansdeduiumiiidoutis
s fetuusiuiioranuuatuiiuduingnaunsimirgalmivuulauuunils liswdudesuiia 2
Fuiuguni wazshmuiuinunawsnedndarueresmzneuiniiuinneuuss uanaintuss
wuisnuiiang fuanvesussnuifungneunsaamesnninsuiiang fusenvesusaiiosninainudn
YBIVAUKB I U ARETUANTNINAIIn U ARy Tuaen (4) %uﬁué:mfmzﬂaumﬁ’mquﬂm'w(Old
terrace aquifer: Qot) L udungnouvuILmINadUIENINIRzNoUNTIANTIBUATATNEUAUINT
yane FuneliAndunguiuiuduimandulungneugaientu dufudiasvetiimanutuiu
Guidatitnasdimstmuaszerfuinieviensani (Slot/Screen) nane duderiu

duwasilituluduiude fuiidnuasnuuvdahlimluiududeeentdibu 2 ndu Ao
(1) ﬂdmﬁuiﬁifﬂﬂEj'uﬁu%’juﬁﬂﬁuLL‘Ui(Metasedimentary rocks aquifers) ag (2) ﬂ&juﬁuﬂlﬁﬁﬂﬁuum
warfiudail Tnglufiuiifnuaznunguiliihfud s dudulng

MNURLTUIVIATE W1MTIEIU 1:50,000 52274 4942V Fruatuves 49421 ST
49421l gLnansuNTEAeY 49421l gnneatunsele 49411V Jamdamunanys 49411 Uruyjansie
Tnsmaifisudeyateihuimafunmainy wasdmustasesduidoudadu 3 $u fedl duil 1 4y
fulimgnoutmn(Qfd) dufl 2 duiidliinenoungindningalvaQytl) uazdudl 3 dufivlid

nznaungina1d1gAN(Qotl) I1uiuveurvImaninuwlstulilagasidonyeiunuluiiug

3-7



enuatuauysal |

P
g a a

Tassinsuszliudnenmuaznisldinuimaiiensnaususzuunsuimsdanainduiuiiiiluiuilasmsduaeingesnvivieneuns

Funutuin Tinszaneaguiud Misdu 160 Us Tngdnuaznsineivestuiilidulauandusui 3-5

95U 3-9 LAAIANWULAITINFIVDITURUIUUNUTLLN VAL NDUTUTAUTIUYDILDLITNTLY N BUUL

Y 3
560000 580000 590000 610000
Fr~~~~~ N e ——
~ o~ oA e —
N A A A~ A s L =
2 [V C, —)
Sl n (VT
5 |CIE e —
M~~~ SDmMmM A~

N ~ A~ oA A —

on

B — Sl
I kS M AA AR VR Ve

AN 57 2 |V

SplaleRe T ek

1860000
1
1860000

1850000
1

1840000
1
1840000

1830000
1

5.

=)
S
=]
S
1]
e [9
ko
|-~ Qot
560000 580000 590000 610000
o . 540000 580000 620000
Ayansal 1 1 i
14 Fruansfabumaninld g_ W -9AInn N _§
D TeulRiNuiAN Be o Oundveter Avsleolly odes 8 A $
4 @g 2 " Expected Wel Yol (mi) Tuv
D xR 3. g = Tl oulonl ou a.qlavie
; T §'§ 3 %_ A.mn = _§
— N MEAINQ EEZEI| ™ 5 annnlan [ 5
§§ 60 1100
A ELNIENNGNNETAINE 3 s 3
- : 2 E
Fuliuginazneunaugia -] 2
(Alluvial Fan Aquifer : Qaf1)
PR 4 PR, SO TR | ANMUNINTS
duivbhinazneunsinaningaluidui 1 § -~ _g
(Quaternary Younger Terrace Deposit Aquifer1 : Qyt1) ° ANINT s
T ¥ 0 10 20 40 60
e duibhinfunlsyalagFuu-aladiou T
o042 (Silurian-Devonian Metamorphic Rock Aquifer : SDmm)

s4choo setboo s2choo

JUN 3-4 LAAITE N UTLAZAUIINNNGARYIIN e NNEIAIINeEN




000°0G:T MERLEWLIE ERMIBMITLUBEKDEE AITY6D BLERE BLULMALILATLNT rw_\rmmmwmc_\rwg_\rvrg&\_%irq 9-¢ ﬁ_...um

V-V BLERBYMLUELMT

oey BuoN'g

£
wenansn 5 ] Buouy wibeus'g
g R sourono T

10ud Bueenyy eoydwy sLMITMNLULE]E g
18ud M 1embueyd SRMICMNILULLARS |

000°0G:T MERLEWLIE LRSI BUILE [TY6D BLERE BLULMLILAMLNT rw_\rmﬁﬁwwc_\r.@vi\_brg&\@irq q-¢ K_...um

V-V BLERBBMLUELNN

——
e e e e

3 7y a G . . ry . ' s
£ < 4 E 4 2 4 mEtk 4 a . 2 A 08

§ i 8 § fEse : i 2 f ] : W T :
~ g 3 8 £ 8 8 23 2 g 3 35 § m g Z 3 g=3 g Los

3 33 5 ¢ g =

webN Ieg eoydwy RLILUKIBUILE =
18ud Buseydwey 1lembueyd SBMIEMNILULLILE <
v

BUTIRRARUALAUELELAZEILILEELUBE B AP USEHLIMUIL ELILELUBEELUENELUNMALHMITELEELUBMISLISLILLR] LUASTIMLERUYHIEIZENLLUNEY]

| rEfrtnABNLRLE



01-¢

000°0G:T MERLEWLIE BLIEEYCRUILE [Ch6h PLERE BLULALTLATMY rm_\rm\.ﬁﬁwwc_\r@vi\rvrg&\@irq 1-¢ K?m

(d-9 PLERVYMLUELRMTT

005'9Z 000'9C 00042 00022 00002 00081 00091 00071 00021 00004 000’8 000'9 000 0007 0
L L

0z

oy

09

w®
1 A 1Al A 1a A A 1
2 2 3 32 2 H 2 L
s 3 3 i 8 K g N g i %
E ] 3 'g& ] 8 ]
wee.Bueg eoyduwy. LUENLIBUILE. i 1 1y Buoy soyd JPuBUILE t 5 1B LIuY Soydwy BLIEYBUILE
oInuesiud 1embueyd usisAMUL LY 1 1emBUBLD BARBULHEY
g S|
V-V BLERBBMLUELNN
005'9Z 000'9 000'+Z 00022 00002 00081 0009} 000'%1 000z 00001 000'e 0009 000t 000 0
L 0
o
0z
0
0z
oy
09 _ f 0o
L1, wop weveeny wop, weusep m .w m L _w L
2 = = -
% £ magen e & g e L = *
3 a N 3
17 ey} Buoy eoydury. pi ik e i Buenpy soyduwy. BURYELE! e } TeIN 1YY Soydwy Jepy LYY eoydwy BLIEUBLILE
v v

BUTIRRARUALAUELELAZEILILEELUBE B AP USEHLIMUIL ELILELUBEELUENELUNMALHMITELEELUBMISLISLILLR] LUASTIMLERUYHIEIZENLLUNEY]

| rEfrtnABNLRLE



L4
SLUUANYNTNLLE

Tg9uauUANySal

]

Y1595 evioNeag

o

o
b

Tuiuilassnsdaiua

FUIVIANALINDNITINLHUTZUUNITUIMTIANITUIIUAVUIRIAY

P
S a

o

P
s

1Y

a

<

P
v 3

#1151

a o

TAsensUs

]

anpsdnthimmiesmana
Knlong Lam Pa Dam Nong Ta Kut

ZYE N>

ualsun
B.Plai Na

125INGE>

OLS N>

915 TINY»

LGNS

Phet
&
S

Changwat

funenunsziia Amphoe Lan Krabue

Samdaiunangs

% seziae
Sy
= ey Q—e
% '&0:%@
&,
e %,
Y
2621-A»

Iejesy ueyd soudury
ﬂL.UAEUHLHIBU\L‘B
wia

20,000

7,500

=)
2,500

1
26500

T
25,000

22,500

17,500

12,500

10,000

T
5,000

AN

LUININGAVIN

Phet

99 Changwat

[AMIANUNAN

o
2
&
1BA 1BH
fumaey
- x4
P
= 3 g
$x :
%3 g
£e
nE
o8
&
Er
1Z€I0=4=
A 1oH [
form vy
1BA 1B
for ey
EEZL-AD a
-3
'
PZIOMU =
15180 =
s
s
2ES0UU= 2
w0
12A 184
form ey
g Ll
3
g
X
c
3 LbZI-AD
8
&
E
<
s
] -8
3 s
£
H
2
&
8
s
LE2-A>

10,000

SEZ1-A»
£YZI-AR

5.000 7.500

wawrlneTad

B!

B-B’
¥ 49421

LUININEAVIN

&u 1:50,000

U 4NN

=
[y
Y

[

2IUNDATUNT

v
o

FAYINNNENNTIUINGT WHUAUIUINE

aa

9

Y

sUN 3-8 NN

3-11



000°0G:T MEELEWLIT BLUREUMLEMBUILE [IIZ6 DLERE BLBLALIATNT LBUALIGEQULEBELUDLERBYMLY 6-€ WNE

(d-9 PLERVYMLUELRMTT

000'st

Lk

!l A 2
v
= 5 o
9, g3 33 32
] 52 83 §2
e o2. g2 52
g o5 o5
anqeJy ue soydwy g w %n
BAZLUMLEBUILE - 1ejes)) ueld soydwy BLBZEUNLEMBUILE +-18ud Buesnyy soydwy ureeuILe
f 18Ud 1EMBUBLD ERMIBMILUBLRSY |
4

V-V BLERBBMLUELNN

00'24 000t 0052t 7 000's 0052 [
1 1 I I

N A A A AN AN N i T T FFFFF T *

sl ool sl Eo ol RN O Rl oo NS S RS S Sl TG SR ST S 0ol B SRR AR SR S S R R G A S 3 e

Waraaanr i s e el e b bl b i s i e S i B b e b e R ST e s S S L S en

B T R S A e
P

e e A

i
;‘|[|:
i
Illi
y
I
3
13
1

noprouy
SOpL-ARY
1001 d =

flnpauy — -

420 uonEbi|
Buen o Buowy
tLeABItArasy

1Ejes) UBIUg soydwy BLYREUTMLEMBUILE
| 19Ug M 1BMBUBLD EBMISMTILULLILY
4

w@ﬁvw_\r@__\rrﬂc\mvwr?»@.ﬁ_ LILBRELURE D AMMILI YL NMLILMUMEELILELUBEELUENELUNMZEMNTPLEELUCMIBLBLALILA]ELURLTIMLUBUBIITIRENELUBLY]

| rEfrtnABNLRLE



enuatuauysal |

TassnsUsziiudnanimuaznislduiuinaiien1snnunussuunsuimsinnsinsuiuiimauluiuilasimsdanuasingeshvvionaung

3.3 aaNUANIaransvaruLIuInIg

nsriiunsie et wannuing Welimsuisnuaudinisamansfadyuesiuiu
guhuimalutusegnousuiivnngluiuiifnw esndnvmueynignnssdinemnedednume
ysssdiinefiisadosiudnuagniaia n1sui n13nszaeda n1slvavestuiana aaniwiin
U118 dIUUTENoUTDIWY 1ATIETINETIINGR9 TIAWEIN FUTIUTUIN N15INFIVBITNTY
yietosiniiannsofniuililéfides werenmantilunmaduundsiniuiina uazdviwa
vosanimwandousie] usu anwmsssdineani dldindusimueuaniinisamans
vosfudiihumaiifuumasinivihina viediifnFensiug fui“auantfinsgnnssdine
(Hydrologic behavior/Hydraulic properties)” “U@Q%uﬁué:uﬁﬂmma laun ﬂmauﬁ’mumﬁﬁmﬁuﬁﬂ
anautinsseulihiusu uarauautinisied TnshauauiRdindniagielunadugld
ﬁé’ﬁﬁylﬂams%’ﬂﬂa;u%’juﬁulﬁﬂfwmma (Aquifer units) Iﬂ8m§quaaw%mmﬁwmma (Pumping
test) luvonmaiianglufuiiuduinssnneenoufiuitudesnsguasiviauuuszessnuay szes
£ wamihendildanmsgunagouninsimenuausinisamans Samsfudutiuiniaus
agmiefiudeniiaguautinamanifisinzeglutisanisiorndudmiuaunioniis
wazoTlndiRsavounnsnanngasiaaansimssamansvosduiiuduihuinatudug sufady
\wdossdfiddyisenuunndidudnuasnamenimeaiofuvionsnouvestuiudutuinaud

a 1

avturie Jsdolunuaniiniidninanenswmdeuivionisinavesnlinulunssiuinia

3.3.1 ﬂ'1ii’JUi’JSJ‘?JIBEaﬂﬂigUﬂﬂﬁﬂUﬂ%&quﬁ’lU’]ﬂ’]a

INNINUTNTBYANANTFUNATUUTIIUUIUIAAAINLATINATAeY Aiagaidunisly

[ ]
=~ =

wundnw lnegdndeniangnvinisgunageulsinanhviaalutuladudssiamiuiiungneusiu

WU F99a1nIadkunduliuInanivan 2 4u laud fuiuguiingnauiing (Qfd) wasduiiugy

1% 1

11 aznoutneinuigAddun 1/9uuy (Qytl) 31w 26 ve uwagliasuseasidundayana

MsgunAgoUUIIAIUING Sigvadanstilunsned 3-3

3-13



pl-¢

<0 991 €t 761 [3 [ e [ 1952/10/5¢ | 1952/ 1052 z sau o esny] 1100 9z
Zotcooo 650 1510 [4 EV9 oe e 1952/10/92 | 1952/10/61 4 nE.-.-m?ﬁRgEf [n{vela-i 114
1 556 I S11 6 6 z vz
3 g Sv Szl 99 99 [4 ® :
1510000 59l ZEl 0L 99z L9 661 v v e (i) Lbibpune siutrnsmucwyl S1o£s09 zz
S65000000 (374 161 959 SUee or< 1602 e e e (nites) Vb e stutsnzemcuy| srogsoy 1z
47 ezs 4 01 s 9151 0g 0g S LR UL QLML R £ 0z
0L -4 606 ot 414 S SR UL P LU UMLLRI P 3 61
1474 €E0 124 0z< 96€ 61 61 1952/20/80 | 1952/20/%0 [4 PECRAN UTBBLTIgY) BSTES |099PERT [195815 BT
vel 1948 Tl o1 1137 oL oL 1952/20/20 | 1952/20/20 4 TR UTBBUTIY| EZTeS |659weRt |poseLS| LT
Zre 1 a4 v ece e6 g6 1952/20/10 | 195271006 [4 PPCRAN UTRBEUINY| L6IBS | IS9pERT
559 g1z s vg ¢ e SEE s s €
765 erol 74 €1 3 1952/€0/91 | 1952/€0/% s
viz SEST 124 o0z e 0s 0s 1952/€0/91 | 1952/€0/91 L
w1 (437 124 or 4 €01 €01 195Z/€0/51 | 195276091 L
€2l 13:74 el 0Z e s s S Z/T0E | 1952/20/02 | & T 5
1 el 6 s 76 e 6 195Z/20/0 | 1952/20/61
906 ZelLl eot v e ez ez 195Z/€0/61 | 1952/€0/61 6 ML LU GZSLTEL |eEIpIS| 6
1ot 6PE Wit e wor 19 19 1952/€0/81 | 195Z/€0/LT 6 ML LTI GZSLTEI |IEIDIS| ©
€L 9EDL SIo 1 65701 oot zot 1952/€0/91 | 195Z/€0/1 6 ML LRI [S474-4 L
€ Z60 zl ot 4. 91
174 Sz z ot o1 €01 oI 952/ 100 9 s
L4114 €ost 91 o1 90§ er er 1952/20/80 S v
(473 S L1904 e ve 1952/20/10 3 13
e S8 szizom | 1szizomo] « -
S! 6E05 soZ v ge 06 16 SZ/T0/50 | 1952/20%0| &
[ Tra/nne) Ry )
ausLEAnAEs: s nessunieLy neswund npepEnasu e una e e e enwnzn [emwiapgne | mawgune | wiee euneg oy np i pnos enaawLt | A3 N 3 [rwea
o) sy v wna goneangas | 7 [ resmumdmne | cinsugnes | suewpeee - : N N : -
v ULE MELMWIL | SLUUE UGN | sl e -

BLULMLATGLIELANCLBANEELUBMETRER €-€ UBLELY

v@jv@\r@_\rrﬁc\mvwrﬁnﬁﬁ LILBRELURE D UMM YL NMLILMUMEELILELUBEELUENELUNMZEMNTPLEELUCMIBLBLALILA]ELURLTIMLUBUBIITIRENELUBLY]

| rsEfrtBnABNLRLE



enuatuauysal |

TassnsUsziiudnaninuaznisidiiuinaiien1snnunussuunsuimsiansinsuiviimauluiuilasimsdanuasingeshvivionaung

[
a 1'% o

3.3.2 anaudanisvamansvasuiuduiiuinig

q

ndoyanmautivnavamansiididgy lawn Arduussansnisdneun (Transmissivity,T) A1

o

s
a a

fuUseanSnsiniu (Storativity, S) wazArduUsEANsN1seeulWnTus 11 (Hydraulic Conductivity,

K) UaetutuguuIuInai liann1siaseideyadunaaeulsunanuInIave s as N e iunig

[

9NNEIAINYIIINNTTIUTINTRYARANITAUNAGBUUTININUIUIANE 1ATINTIEUUAARUIRNTE TS

1% 1% '
[y o o Y]

FEAUUIUINNALAEANNINUIUIAENIUTENA TATOUAGUNINUNANY kaTATUNIUNNTUTIUGULY

YINNANANIG 2 N8

(%
a |

PUIUNMLNERUIAUNUIA1a90979A1ABUT19N IS kazIlANADUTIILANGATY LA ILANUA 39

[ ' '
A A =

ansadnlungunielauldegieios 3 fuil Ae Aud 1 USaSLNeNTY dunawdes Jmia

e

[
a [ 1

ANLINILINYT HALEILNDITIUITH FINTANINT NUN 2 USLIUBILNBNIIUNTLANY DLNDAUNTLUD

Jardamunanys uagginaueseil Jamdafivelan Wun 3 UShudunedsina uneiiles Ymin

gluvie winuduamdisfivduinddeyatesuinvselulinisiansimuiiiuinnalududinaiddl

]

a [ 1w

Audnduiiagsedldainndvoyauseidiudumiunuvesve e Auguintug

Y

M13199 3-4 asuramsasgviaguandivisamansIuunmuUssantuivguiiuinig

9 9

AAuaNSRTsamanivesiufiuduinina
Ussinmmbgunsenn | AduUszans AduUseAns | eAduuseans
s3iingy/Suiiudiniiuiaa W sseidRuwin | mssedh mMsfinfiv
(K, m/d) (T, m?/d) (S,-)
1. duiuduiingnoutm Qfd 0.0673-46.2 0.269-370 | 1.02x10°-0.5
2. Fuiudinn ngnouth Qytl 0.0216-704 0.173-2,820 | 2.93X10°-0.584
pimingelysidui 1/4uuy

3.3.3 n1siagunUasseaudazienienisluavesinuinia

INNTTIVTINTBYAUDUIUIMAYBINNNTUNTNINTUVINNGTIUIU 646 U NilUayasesiu

' ¥ '

=

Uumandenisiang ieliidnladsszauinldauluiuniveyaszaviianveuruiaaluiui
swnuladnvinsaiadutuaugesa vl Tayananadeguil 3-10 wag JUN 3-11 @

uanLdutUANUANNEIAUTEITEAUIVINUNAN W luTUiLgNN Y AUALLAY SEAUAN Nadnuiia

1 ¥ %

peiunnvesiuiizdidnvausdugun dunsiufiangiusenduinsu fananislraveniuinia

[ ' [
o = 1 A

Jelvaaniiasasdian seAudilifunanfianfausaiungIu AeseauuegaInITnuAY 22 a3

1%
[y o

guneAsIna Janingluey syauinlafunaunaaeegmuamnuas 61neLiled JMIAMUNUNTYS

TRediAmNuan 2 WATIINNUAUY

3-15



enuatuauysal |

P
g a a

Tassinsuszliudnenmuaznisldinuimaiiensnaususzuunsuimsdanainduiuiiiiluiuilasmsduaeingesnvivieneuns

560IOOO 570|000 580I000 590000 600000 610000

= . o

1870000

1860000

o
o
o
o
n
«©
el

1850000

1840000
1840000

)

o I
o
S84 ”’lll
2 i
) I//
)
7 ' 6  a—
/ :
S )
S S
S S
o O
S N
= =
560000 580000 600000 610000
Fyanwol : S4c000 s2000 e .
) sfuansfabnmaiivils’ %_ o 2.0 N _§
D LR LT k. _Groundwater Availabily Index ] > 3
Zé ? W imahasianals gnuindamsdtug
— of £ Expected Well Yield (m?hr) Tuvi
D TR ?'é E <2 2% | 02| 03] »% g Lo -g
7 R TEEz d  aan -
Wudunugeezdiinnma 5.3 R § afuaian [E
—p FAnumslua E % 00 1500
2
o _a P “E § R
AR EUIENNETUINE §€ & %_ _%

duinugninzneunneguin
(Alluvial Fan Aquifer : Qaf1)

e g s % 1ok bt iRl A MuRnTS -

{ dumdliianzneunzinanirgalwidui 1 g -~ | 8

“ (Quaternary Younger Terrace Deposit Aquifer1 : Qyt1) b ANInT s
0 10 20 40 60

e Xoa g ¥ o PR T
e s 'nuvm.uu’mum]sﬂnhiwﬂwmhmﬂu
P el

i — VTRV
< (Silurian-Devonian Metamorphic Rock Aquifer : SDmm)

s4choo sadboo s2h00

SUN 3-10 LNUNLAAAANIINIT IMATDIUNIUIANaTEAURY

Y

3-16



enuatuauysal |

Tassinsuszliudnenmuaznisldinuimaiiensnaususzuunsuimsdanainduiuiiiiluiuilasmsduaeingesnvivieneuns

1870000

1860000

1850000

1840000

1830000

1820000

5601000 570|000 580lOOO

560000 570000 580000

600000 610000

1870000

1850000

o
o
o
o
Y
«©
s

1830000

1820000

¢
Nkl
g Faturnsdaniumatimls
D TouAATANg v Groundwater Availabilty Index
»

Wsananhiimasasianls @muandaesdatag)
D YDULIAINIA

Expected Well Yield (m3/hr)
idudunanugeezdniniimia

&

<2 210 [ 1020 203 | >3

— FAnanislua

(laaniuang)
Total Dissolved Solids (TDS) (mg/1)

UMY NG Groundwater Qualit
Wanasnammimimitazani’ld

Aadunanessaianegn

'ﬁ'uﬁuifuﬁw:nnuvm ugithin
(Alluvial Fan Aquifer : Qaf1)

Fuinbiimzneunsinamirtgalwmidui 1

(Quaternary Younger Terrace Deposit Aquifer1 : Qyt1)
el

ATARTA quiiliinhundsyalagFuu-Atatien

"o

''''''''''' = (Silurian-Devonian Metamorphic Rock Aquifer : SDmm)

190?000

IM(IJOOO |B1?000

15"')000

540000 560000 620000
\y 3 AATANE N
aglwia
a.an .
} a.nunlan
AMUTINTS
a.RAnT
0 10 20 40 60

— 1 CTRTE

|N5000

1645030 1575000

1515000

54&)00 58(*)00 32&)00

JU#1 3-11 WAUTLARINANIINIS MavIuUInNaTEaUan




enuatuauysal |

Tassinsuszliudnenmuaznisldinuimaiiensnaususzuunsuimsdanainduiuiiiiluiuilasmsduaeingesnvivieneuns

3.3.4 nadneiteyafilfannumasuianasesndasnisguituinauazdisg
dnwauznsldih (@nlasenis 2.2.9)

MnuuUdTInsldinanlasinig 224 S1uau 354 Yo wuindudedldiienis
gularuilna S1uau 94 e vieAniluiesas 26,55 ilensinwns S1uau 290 e vieAndudesas
73.45 farwilunisguiilutaaieu uneufadeuliquisu tnedisiuiunsguretuedefuay 15

Falug sananslugun 3-12

UszLanaislziindeidlusasay

= adlnausina = tnwas

JUN 3-12 Yseiamnistduuimadaduesay

indosguinfianansausnusziavldanuuuaeunuuseenidueiesguaiinniesguiuuy
fuliivteduwosatifatiy $1um 140 1nTes Andudosar 3955 eFosguihuuunsanios @y
yeelas) S1uau 156 Lades Anlufenas 44.07 inTesguiumeslul S1uu 2 edes Amdufesay
0.56 guilelen 1w 3 ides Amdudosar 0.85 uazidosguihdug iwwaTesguinduidssole

Wumy w53 1eses Andufeeas 14.97 dwandlugui 3-13

AflataTavguiin

= dudfuass = duusendoe (vastze) = dunaslni futan = duq

JUN 3-13 aliavenniosguinAniusovas




enuatuauysal |

TassnsUsziiudnaninuaznisidiiuinaiien1snnunussuunsuimsiansinsuiviimauluiuilasimsdanuasingeshvivionaung

913INTIUUIRAATBIGURAL TR TaLen AR NYnATaIgy Mawsan waguwnve
AnlaediuuINIsAn 2 Ieeiuee 1. N15HBUdNIINITAUEIINATINUTEANSNINUBAATBIFULS

azvila udazmawsa wag 2. N1sEnIINsgULgULABRINHANTI TNAABUIATUNIATUNY AILERS

Tun15199 3-5 warm15199 3-6

M19197 3-5 dnTINTgUIvesdNduLeTA

YUK N (Hp) mmﬁﬂﬁag}m (am3)| VuIAvIEnA (‘i‘j'a) 5mswmig}m§1 (eu.31/7v.30) RINULUA
1 18-40 2 6 AnannUsy v amia
15 30-60 2 6.6 AnanUsy v nmia
2 20-60 2 14.98 fATIMAADUNAAFLI
3 20-60 2 3442 dATIMAADUNAAFLL
5 45-60 2 12 Anannuszavisnmily

M19197 3-6 BNTINTFUIIVRITLLTIIES (MeEla)

vunausaEi (Hp)| wu1nviena (51) 5@15’1?1’1’5%%‘13’1 (Aua/val) VAUYLNG
05 1 2.4 21nUszAvin N
1 1 6 2nUszAvBN I
15 3 24 nUszAvBn I
2 2 34.42 NS INAFBUINNAAFUN
2 3 12 NS INAFDUIINAAFUN
3 3 57 DASINAABOUIINAAFUNY

3-19







enuatuauysal |

TassnsUsziiudnaninuaznisidiiuinaiien1snnunussuunsuimsiansinsuiviimauluiuilasimsdanuasingeshvivionaung

uni 4

ANSWRILISZUUUSUISIANISUIVUINNG
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JUT 4-3 a4 3 TAT0wUUTIABILUUNTALAER

a) TUUN 1 b) YUUN 2

JUN 4-4 uansszuunIaludulii 1-3

FEUVVINIALUTUUIN 1-3 WaneAsguT 4-3 wazguil 4-4 Inetuiing 1 Juguin Flood Plain
aquifer (Qw) T3 3,639 NInwanTOUARUINLT 909.8 AN319 Nu. Fuld 2 Wutuin Young
Terrace aquifer (Qy) 431U 4,938 NSAWAATOUARNNUN 1,234.5 11319 A Fufl 3 unudui

the Older Terrace aquifer (Qqy) H3112U 5,320 ﬂ%ﬂL%aﬂiaUﬂquﬁuﬁ 1,288 9113719 NU.
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Han13UsEaInIsaudiIvIataluiuiuanslun1919 4-1 laein1sguinsiuwvingy
127,924 au.usieiu lunAnyasNIsuEnITauungegn96,790 auusaiu A1AAISOUN N1ATINIAL

PAFMNTTUMNAY 6,383 AU.AADIU 20,363 au.umnai 4,388 au.une il MUAINY

3197 4-1 MsUszanaumsguihlud we. 2563
y Sasmsldiuaana (m¥/d)
Usztnnnslgun
zone 1 zone 2 zone 3 Total
ﬁﬁﬁﬁ] 5,091 7,127 8,145 20,363
NFINRNIIY 2,194 1,317 878 4,388
LNYNINTIU 29,037 19,358 48,395 96,790
ASITOU 1,915 2,553 1,915 6,383
394 38,237 30,355 59,333 127,924
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4.7 MsUFuLiguLazNTEUNULUUINGDY

Hoyamsfinausziu

vethuinmailfiduvedunnmaniluiiuil au enesunsitdinualfidesnniifideyadoudns
sowlostausiifiouunsiay wa. 2553 - Surau wa. 2563 8wy 16 Yensnszaeduluaugud

4-9
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Py
e = G — e —
e om0 . ghusaczr
g Gl o
T
k.. = il 6 e ¢
. el 28 2
a) layer 1 b) layer 2 c) layer 3

UM 4-9 shunidsvesdedunanisalitldluiuudnass

msm"wLﬁuwuiuszm‘flﬁﬁwLﬁumiﬂi’uLﬁa‘umeﬁaaﬂLﬁuﬁfumauﬁ'ﬁwﬁzyluﬂﬂsﬁ’wuw
LUUSaDs MsAnEi leinisusuiiisuluusassisluaninymsivawuuass (Steady State) Wag
liinssh (Transient) Tnsutsuendnuusiililunisusuud wazasumudmiumsnsiaaeulusasanying
Tneflutswendudsildnisusuiisuwagnisasuiisusuusiasslinemsnd 4-2 Tnonswmun
wuusaedludewuldudnisiudunuesnidy 3 frafionsusuntuuusiaes wasiiswazden
il
1. nsdansmsiualuannizasialugouds 9 2553 Weuduuimdudseans aruduld
Ufudmmmaguuazmafutnidngiuniiuina
2. m3drmoenisinaluanngliag Budausigouud 2553 Saqqudsd 2559 ilausuufim
Ssrdvdnnugdimne
3. Wisuiflsuseiuiwest 2560 - 2563 a1nnan1ssassluanaline wWemay
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A919% 4-2 NMTAUIBULUUT A0l UTURDUAIY

Tupou URHG AauUs

nsUSuBU Y . U3uuh Snsnisau/dunineds
Asgautunamdslul w.a. 2553 v

Tuan1izadn AMSTIsENUsEanSANLTULA
nsUsuiB Aszutumaseiou ud we. fuUszans nmsinfu duuszans
Tuangldasiy | 939U 2553-2559 AU
RN, AnszautuImasesieulul 2560-
WUUIaD9 2563
Tuanelainen

HAUBINITUTEIANalUY T UWIBUdl. A1 R? 11nn91 0.7 wazA1 RMSE agluaae 0.96 -
1.02 s uaglugaauniuden R? 1nndn 0.7 uage RMSE agludng 1.04 - 1.36 11T Aauand
Tupn3199 4-3  Tagunl 4-10 uag 5UN 4-11 uansmiuSeuiisussauinlaainuuudnaesiusedu

ranvedunamsaitnslsudiou @ 2553-2559) uagtsaeunu@ 2560-2663)

A5199 4-3 HaN1SARUIEULALERUUILUTUEN 1-3

- PUSumey YIEADUNY
Ut
RMSE (m) R? RMSE (m) R?
1 1.12 0.71 1.36 0.71
2 0.96 0.77 1.04 0.73
3 1.02 0.76 1.12 0.70
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Lirper 2 Laywr 3 .
a8 Linwar [Lirper 2) Linasr |Layer 3) ' ;;'

I
P
‘Q

Simulsied CWL ImMSL)
2 2
&R

e
[

'S

%0 42 o4 13 ! ] &0 a2 L4 7] 13 0
Observed GWL (m-M54)

3ﬂﬁ 4-10 wamsuTuiiguveswuudtgaes (U 2553-2559)
O Layer?2 ¢ Layer 3

65 O Layer 1 ——Linear (Layer 2) &
——Linear (Layer 3) = ——Linear (Layer 1) <§>

20 25 30 35 40 45 50 55 60 65 70
Observed GWL (m-MSL)

U 4-11 mamsaeumuesuUUTIans (¥ 2560-2563)
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4.8 NM3AATIRENAAUIVIAATUNLT AU.IIENDILAS

1 auqaﬁﬂmma

MNNATEIULTRRsTITALT uasUan nesaunainunaluiiud auensauns Tutaed
2553-2563 anansniianeingAnssumsivauaraunavesszuuihuiaald wanisiesesianduld
Tggniafiduddnyirmunnisudsuamosaunainmaluiiuiidelugguésasiinisguldin
vinawn deRansanaunaiiuinalun il vesd 2563 nuirdadnsmafuinndy
Wity 30.1 &1u ava danduthanusdiuindu 7.4 & ava u,azﬁmmiquﬁﬂmma‘lmaswwhﬁ‘u
91.1 &1 ava Tsguiiaalusudl 1 iy 24.9 & ava $uil 2 winfu 39.7 & au uaggu
dhurmaluduil 3 whiu 26.5 §1u avw. wardinnslnadiesnseninsdutisinedied anduil 11y
Fuil 2 Wiy 43.6 F1u aua nduil 2 Tudud 3 wihiu 23.1 & v wasdivTuailvadhan
sruuiumaluiuitlutudl 1 waetudl 2 vy 30.0 41U aua wag 0.1 &1 aua sy 1

Inaeenanszuvthuimalunuiiilugun 3 wihiu 11.9 §1u auy dagui 4-15

Unit: MCM

1
|
1
River >y 209 : 24.9
\ I
|
35.0 g
Boundary 10 1 Groundwater Layer 1
: 397
I Leakage
68 , 55.3 1.7
v
4.9 I
Boundary 48 : Groundwater Layer 2
: 265
Leakage
24 | 38.8 S 15.7
01 ; Out from aquifers
—l
Boundary 12 Groundwater Layer 3 Into aquifers

o
>

Ul 4-15 amnatuianalud 2563 (i d1u au)
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2) msuszanuAINsgudtuINIaseng

Lﬁa‘uf’m'wszé’uﬁwwmaé’mﬁaquwmﬁu(ﬂmaqaLLé’a)LLazwqm%mw(ﬂmaqawu)suaaamﬁ
Al 3 zone ‘L‘hmvnmmé’mﬂ’uﬁ‘ﬁummsguﬁﬁwaqa Lﬁammmsaﬁmsquﬁwmmaiuqaﬁ?m
FIANNT

GW Pumping i season = @*GWLleng of seasontP (3)

Tnefien GW PUMPING i season ﬁaﬂ'wmaquﬁwmma’tuq@ﬁé’mms‘mwm

GWLlang of SeasoﬂﬁamizﬁuﬁwmwaﬂmaqmaaamﬁﬁaLmuiu zone AifansmsIu
a, b AoduUszAnsAuduRusTlanans il 4.8-1

]
a1 U a

lamnuduiusnIAd@uUssansuanisannsei 4-4 uagun 4-16 - 4-18 Fanden coefficient
of determination (R?) 8¢58%114 0.53-0.67 FeaunsauiAtaun1sAUduRusf ba lulduseidiu

Usinanisaudiuianalugguug e

M13197 4-4 Ardulssansvesaun sanuduiusseniasgauiiuatggguazUsunanisguinlugg

U hagA1 R2U99 Zone N15adin

Zone 1 Zone 2 Zone 3
season

R? a b R’ a b R? a b

Dry season 0.581 0.96 3.88 | 0.553| 0.960 587 | 0.669 0.91 6.03

Wet season 0527 | 0862 | 260 | 0.601| 0.690 6.27 | 0.638 | 0.633 6.72

R?is coefficient of determination
a is the constant term or the y intercept.

b is the coefficient of the independent variable
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Zone 1
20
Dry season: y = 0.958x + 3.8753
R?=0.5805
Wet season:y =0.8618x+ 2.6025 -

_ 1 R?=0.527 e .- e
g i _—'.‘-—
2 [ ] .—"'—‘— ¢ ¢
z o 4T
5 - e
£ 10 P ’!__,_0—0
# o--"" T
2 e &
; *2-- ° TS 5
B . ® Dryseason

5 ¢ Wet season

====Linear (Dry season)
====Linear (Wet season)
0
4 6 8 10 12 14

GW level (m below ground)

5UT 4-16 AnuduiusseninsdmsaudiuimanegaiuaszauinUanegguesanniiumnu zonel

Zone 2
25
Dry season: y = 0.9603x + 5.8685
R?=0.5527
20
Wet season:y = 3x+ 6.2654 -

s R? = 0.6012 -7 e
S ° ®
215 e -
= ® - 2 e
.2 * ® _.-- T o
j ] e e
7 et e
810 ® o=,
% ‘_—“;— PR ® Dryseason

5 2 ¢ Wet season

PY ====Linear (Dry season)
====Linear (Wet season)
0
0 2 4 6 8 10 12 14 16

GW level (m below ground)

UM 4-17 anuduiusseninemnisauiiuimanegaiuaseauiivanggguesaniiuny zone2
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Zone 3
25
Dry season: y = 0.9057x + 6.0294
R?=0.6695
20
g ° o",,—"' o
215 . et
8 5 X2 ®
@ - " ®
'8 10 ) ”‘_—, .
=  o=®
& . ® Dryseason
5 Wet season
° ====Linear (Dry season)
-==-=Linear (Wet season)
0
0 2 4 6 8 10 12 14 16

GW level (m below ground)

UM 4-18 Aanuduiusseninemnisauiiuimanegaiuaszauianggguesaniiauny zone3
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4.9 MsUTulgsuuIaasumantawmunlussezin 1 wuinianatsnauuy Tisessuiu
nsannstseduaiensealdlunis co-run

mamivﬁLﬁumiU%’uﬂﬁqaLL‘U‘Uai’waamfwmmaﬁié’ﬁ’muﬂuszazﬁ 1 (Regional GW-model
improverment) W3gan15 co-run AulAsIN1sBuluLKLIIT 3

Tumsufudssuuuasshuimaluiiuiidumidevesiisuaanatsainnisinudisum
yadlasins“MewansguuNMsiansiumafiofiulssansamsruumsuimsdanisihiauiy
thinfu” (mustu Adlneaana uazaue 2563) Ssiufinuusaosiiauiuiy Tasdinisihdeyana
ﬂﬁﬁmsné’mﬁwﬁ’gﬁumﬂimamiﬁﬂmu,aaﬁﬂ'izLﬁuﬁmmﬂfﬁunu (i dhfaAu waztuinia) Tu
fufiguiamszemeuadlussesd 1 waslimsvszaunuiulassmsussduuimnueiudomnisin
warUSanhiaAudiomsuimstanshluguiidmeseluwuonui 3 uwwusaesiuinadld

WoannTuluszesi 1 agulaned

nswlstulunuifnyiiensdassaninnisiva lerdedeyanisuusiuiiuiniain

AUNISANYIANINUIVIAIAYBILATINITAISANYINITITUIUINNATIUAVUIRIAUY USHIUNIANEIS

(%
v

AEUUL Feaunsadanguvestuiiuianalaidu 2 4u (3UN 4-19) fail
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nssrassaniuImadaeisnisinlunntedisusd (Finite Difference) siegoslunns
ﬁ'lmm%ﬁuﬁfua&ﬂugﬂﬁuaﬂﬂsqa%’wﬁdaﬁ’ué’aagﬂﬁm?{am Tnelunisdnufisuunvesiiuila
(Qnasnsaiuming e (2549)) dsassaninduiuinaliinihegesvesituiinsduandugy
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FaFungnurAdidn 1 n3awad fguil 4-20 uuushasaninwadvestuiuimadusumudnuas
vostuhumaluiiuiiininisadnseunqued Tnsusaznsamadldimuneamnifinsennssdine

1%
[y o

YasutuInnald suludeseauinuimatazUsunanisivatn-eanvestinvestulnus ity tneluy
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dnsunisuiulssuuuiaeddiaunsadiluinlunisiesunsdostianideudeli
Aensuistiduny mudimngvesuauny neliiuuuassanmnsalssanuedannisgui
vnaluse 2 FUamild TneazBonvesnisimuiuuusians dall

nsUsudsdliuuudassiiuinafivsznanauuunedouduneduani Tnenisd
Foyauuimasiu sefuiluwdihaendn ssduihanvedunanisaiuaznisguintuiniauiisniv
s (Ul 4-20 89 4-21) il

a.  S¥eulaNanNtlukilIaenan 15 @

€

a

b.  YayansAnmuszRutluiug

€

C. suauuamﬁﬂﬁzmmmsquﬁwmmamaé’ﬂmﬁ

d. FoyamsUszanumaiutmedua

NaveIn15UTUNIsUsEnanalluseduamilugisdsuifisusarasuniud. a1 R? u1nni
0.6-0.92 uawA1 RMSE aglutas 0.69 - 1.23 w3 wuudtassiiviuusfananogluraenuidesiy
95% fauanslugy 4-23 Taogufl 4-24 - 3U7 4-28 wamsrTeudisussduthildanuuushassi
sgduthndedunmnsnivesdinda funanes A3ns qloie Avaglan unsaassdluraed 2551-

2563 iAnsgAutuImaMNLuuaemUTulTdainaeglutsmueiu 95%
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70 T T T T T T P
. | 7’ <
GWL Calibration 1993-2010 Lt
-3 60 A GWL Sukhothai K
) @ GWL Phitsanulok et
g ® GWL Kampheangphet & .- 7
5 50 * GWL Pichit ® 1
b ¢ GWL Nakhonsawan
S 95% Confidence Intervals g{ e
'S 40 )
(]
N o,
o 30 ﬁ
5% o
o L &
g ‘ PR R?2 : StdE(m) : RMSE(m)
201 »~ . Sukhothai 0.79 1.49 2.58 1
o Phitsanulok 0.76 1.99 3.35
© Kampheangphet 1 0.37 1.04
10 Pichit 0.78 0.38 0.69 4
Nakhonsawan  0.64 1.08 1.74
70 : : i : # R
e
- GWL Validation 2010-2016 , e
A 60l A GWL Sukhothai el
= ©1 GWL Phitsanulok R
£ O GWL Kampheangphet S
S 50 Y% GWL Pichit }
2 GWL Nakhonsawan
L ~95% Confidence Intervals £
&40 =AY T
Q : - '—,‘J
E f
I m §
.g 30 [~ = il T
ey ) =
E & - R? . StdE(m) : RMSE(m)
320 7 ZF Sukhothai 0.72 2.27 2.77 .
£ #1 "7 Phitsanulok 0.77 2.24 3.4
S - S Kampheangphet 1 0.43 1.02
10 B . Pichit 0.73 1.25 1.9 ;
oy . Nakhonsawan 0.8 1.03 1.29
V. adbINES Il 1 | | 1
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Observed piezometric head (m. MSL)
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dlotdeyarnmadassanmssduiuimaiiuulsawdadeanandneiusudd we. 2536-
2560 1hyateyamariulilunismanudiiug itossiiumsanmsguinidensiusedui
vIna USaaly wegAUTuanfuindiludeunivouaydsan neldinadalassdisdssamidon
(Artificial Neuron Network : ANN) L ueinans wuuani suoan1es1ut goy1Used wiArtifical
Intelligence : Al) figUuvulassaiianaznsianuvesnsUsssnanawiloutuauewesddiding of

USUlaudieion15no UaLeIvR B UNAAUN VBINSIS B (leaming rule)ndanniilassiela

.
P Y PN

Fouddsiidesnsuda (e1ing miuf. 2552) ddilddudunislulasimsssesi 1 deyailiidudeya
ofnseFouisiuau 2,300 v lagldluszes train (fufesaz70) wanafugniintu Foyadildly
Jeey verify (I1uiuTovar 15) wanwwneanddy diudeyalusser test (Tuiuiosay 15) uanimeqn
Aimdes JUA 4-20 MaUIsuifisuseninsteyanietuameinsaldaeds ANN vasteyanisguiin
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A19199 4-5 A weight U84 input D' 5¥AULIUINIATITINIA

Weights of input 1 (D")

Input GWL | Input GWL |  Input GWL Input GWL Input GWL | Input GWL
Utaradit | Sukhothai | Phitsanulok | Kamphengphet Pichit Nakhonsawan
Weights of output 0.124 -0.26 2.395 -1.899 0.511 -0.456
Pump Utaradit
Weights of output -4.619 15.479 -10.848 -0.036 3.363 -0.559
Pump Sukhothai
Weights of output 1.529 0.078 -0.07 2.946 1.256 0.161
Pump Phitsanulok
Weights of output -2.084 1.37 21.365 -0.114 0.053 -12.368
Pump Kamphengphet
Weights of output -4.17 4.028 8.151 -5.578 1.135 -10.705
Pump Pichit
Weights of output 2.143 7.022 0.032 3.918 -0.731 -10.026
Pump Nakhonsawan
A5199 4-6 A1 weight ¥09 input D! syfuthumasedonin
Weights of input 2 (D)
Input GWL | Input GWL | Input GWL Input GWL Input GWL | Input GWL
Utaradit | Sukhothai | Phitsanulok | Kamphengphet Pichit Nakhonsawan
Weights of output -0.357 -0.3 0.062 0.19 0.588 -0.176
Pump Utaradit
Weights of output -0.023 -0.058 0.153 -0.158 0.05 -0.017
Pump Sukhothai
Weights of output 0.197 0.562 -0.08 -0.012 -0.09 0.022
Pump Phitsanulok
Weights of output -1.024 -0.393 0.711 0.256 -1.33 0.592
Pump Kamphengphet
Weights of output -0.206 0.875 0.132 -0.363 0.144 0.016
Pump Pichit
Weights of output -0.925 -0.017 0.247 0.087 0.367 0.385
Pump Nakhonsawan
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A5199 4-7 A weight 103 input R (Hw) 51839 Tn

Weights of input 3 (R

Input GWL | Input GWL | Input GWL Input GWL Input GWL | Input GWL
Utaradit Sukhothai | Phitsanulok | Kamphengphet Pichit Nakhonsawan

Weights of output -1.889 0.355 -0.226 -1.756 -0.854 2.548

Pump Utaradit

Weights of output -1.519 -1.013 0.55 2.278 2.602 -0.089

Pump Sukhothai

Weights of output 0.222 -0.129 0.956 0.643 0.688

Pump Phitsanulok

Weights of output -1.007 1.012 -1.093 4.09 2.18 6.705

Pump Kamphengphet

Weights of output -0.701 1.154 -0.375 -2.707 -0.053 11.963

Pump Pichit

Weights of output 0.244 -0.143 0.643 -0.051 0.186

Pump Nakhonsawan

A15199 4-8 A1 weight U89 input WD' (Usunaunisinuinveslion) s1edanin

Weights of input 4 (WD")

Input dam storage (Bhumibol)

Input dam storage (Sirikit)

Weights of output Pump 0.337 0.039
Utaradit

Weights of output Pump 0.337 0.039
Sukhothai

Weights of output Pump -0.0004 0.0007
Phitsanulok

Weights of output Pump 0.0006 0.0006
Kamphengphet

Weights of output Pump -0.0007 0.001
Pichit

Weights of output Pump 0.001 0.0001

Nakhonsawan
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A15199 4-9 A1 weight U89 input WD (USunaumsiiuinueaiiou) s1899win

Weights of input 5 (WD™?)

Input dam storage (Bhumibol)

Input dam storage (Sirikit)

Nakhonsawan

Weights of output Pump 0.006 0.007

Utaradit

Weights of output Pump 0.006 0.007

Sukhothai

Weights of output Pump 0.0003 -0.0004
Phitsanulok

Weights of output Pump -0.0006 0.0002
Kamphengphet

Weights of output Pump 0.0002 0.0002
Pichit

Weights of output Pump -0.0006 0.0002
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user interface ﬁﬂgﬂﬁ 4-30

4 ANN App = ]
5_‘“%1 Al SIMULATION GROUNWATER PUMPING IN THE UPPER
= CENTRAL PLAIN BASIN OF THAILAND

Input Values Input Files

INPUT GROUNWATER LEVEL THIS MONTH INPUT GROUNDWATER LEVEL NEXT MONTH
(below surface m.) E‘g (below surface m.) f_-%

+  GWL Utaradit 15 +  GWL Utaradit 17

+  GWL Sukhothai 10 +  GWL Sukhothai 12

+  GWL Phitsanulok 16 +  GWL Phitsanulok 18

+  GWL Kampengphet 13 +  GWL Kampengphet 14

+  GWL Pichit 13 +  GWL Pichit 15

+  GWL Nakhonsawan 21 +  GWL Nakhonsawan 25
INPUT RAINFALL THIS MONTH DAM STORAGE THIS MONTH
(mm) = (MCM) [e70)

+  Rainfall Utaradit 0 +  Sirikit Dam 6500

+  Rainfall Sukhothai 0 +  Bhumibol Dam 7500

+  Rainfall Phitsanulok 0 DAM STORAGE TARGET NEXT MONTH

+  Rainfall Kampengphet 0 (MCM) [

+ Rainfall Pichit 0 + Sirikit Dam 6000

+  Rainfall Nakhonsawan 0 +  Bhumibol Dam 7000

SIMULATE

OUTPUT GROUNDWATER PUMPING

(MCM) &

+ Pump Utaradit 1.48 + Pump Kampengphet 4.02

+ Pump Sukhothai 24.02 + Pump Pichit 12.02

+ Pump Phitsanulok 7.04 + Pump Nakhonsawan 13.75
Save Result Browse

About App

35U 4-30 wtlnves user interface ¥ealUsuNsuN1sAIANTSAINITEULNUIANG
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UNN 5

USUUUIUIANa lUNUN AV.VIENDILAILAZNTINISIANITUIUINNE

5.1 N15ATIZHANINNITITUIUIANANUN AU.YBNDILAY 518 Zzone NHIUUN

1% '
o |

a9 lANTIUDIAN YA ULUAIUDINSITULAE SEAUEIUIAANBAUUANTDUNIT MU
wnganluiungannng 3 zone F9laUszynAlELuuTIAoWUUTIRUIVIAEANUT AU.TBNBIUA

Wolszliuanmusuainansatdunlalaegnununzanantuinie lngnaainnissnass@nn

] 1%
a1 o

P1U1aabuiud Wana1sansiefundsdn(Zone) F9bu AU VMBN09WAE 3 NuNdd dnanisuseliy

NIFUUMAANIIANTINN 5-1 wagguN 5-1 dAnisguinuimansiuiegludig 30-91 a1 av.a. lag

'
a a0

Tu zone 3 azluiiuiindnisguldununiiga dan 14-42 d1u av.usied du zone 1 azdiAnNI13gy

q

[%
a0 o

WMWY 9-24 §1U au.asied zone 2 dAnTsguiiuinaiiy 8-25a11 au.u.sel

A1519% 5-1 USunaunisguidiuianasigiuiiged

4 U%mmmsguﬁwmma(ﬁm auy.)
Zone 1l | Zone 2 | Zone 3 | Total
2553 9 8 14 30
2554 14 13 23 50
2555 14 14 24 53
2556 22 23 38 83
2557 22 23 39 84
2558 20 21 35 76
2559 24 25 42 91
2560 14 13 23 50
2561 15 15 26 56
2562 20 21 35 76
2563 24 25 42 91
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M Zone 3
M Zone 2
I I I h

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Years

100
90

8|

o

7

o

[3

o

5

o

4

GW abstraction (MCM)
o

3

o

2

o

1

o

UM 5-1 Usinaunisguinuimnasieiiuidaiilugad 2010-2020 (w.a. 2553-2563)
WetheszauduimaluaandiunuuazArdnsinisauinseiiundadiiiuansduguin 5-2
FALDANUALAANTEAUUIUIN1aALUAININNUAY 20 AT ANUANINNLNEATNIIZAIUITOAIUILN
1laagnuinlu zone1-3 agdslaisnitnaeisanany e sanmuSunaiaisadaiuildlaly
anmnsalvesdindddaniiulduuuinaesiuimaniwududiaesanimienusinnnisguun

sanaluiivesaly
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» Correlation between GWLs declination and GW abstraction
critical GWL = 20 m from ground
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» Correlation between GWLs declination and GW abstraction
critical GWL = 20 m from ground
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ndeyaan1miruimandiuiauneaiusnumsldiiuinianiusig zone Layedu
WA MY (3U7 5-3) Ineinaudinisuustun 1udisil

Yuunn AUsuaeumnuInnIn 1,400 Uu/3

o¥

TihUni AnUSunaurueglugag 1,000-1,400 13U

Yunes AnUSuueulaenn 1,000 uy/A)

v 1%

AN15EUUIY zonel TAwvinfiu 13.4 20.2 uaw26.5 a1 av.u. lwlun Yiund uagd

U108 PUAeU Inelianadss1eUwinnu 20.3 81U aU.4.

v 1%

AN1SEUUY zone2 TAwviniu 14.3 22.9 uar30.9 a1 av.u. lwluwn Yiund uagd

U118 PuUA1eU Inelianadss1eUwinnu 23.0 81U aU.4.

[% 1%

ANSEUUNTS zone3 TAWNU 15.22 23.1 uaw30.3 a1 au.y. lwluinn Yiund uayd

118 PUAPU Inelianadss1eUwinnu 23.2 81U au.4.

Average annual GW abstraction by water year

100
90
80
70

60
50
40
30
2
: Inat Inat
0

zone 1 zone 2 zone 3 total

mdry ®mnormal mwet I average

Abstraction rate (MCM)

o O

Zone

5UN 5-3 ASinamsguiieionutin ausigzone da

asuAInIsMsinin (nnauLazIait) NaNWUUIIRBINNIIY zone WagsIedunnm

anmtieineg (U 5-0)

v 1% 1%
o o

ANNISHINLNIUDY zonel TAWMIAU 4.1 3.8 waL5.9 anu av.y. Tudurunn Y unAkastin

998 MUA1AU 10edlAAsTIETWINAY 4.6 a1U AU

[% 1% 1
o o

ANNISHNUNIUDY zone2 TAWVNAU 0.6 4.4 kaz18.2 au av.y. Tudurunn YurunAkastin

98 MUA1AU 1nedlARAgTIeTWINAY 7.2 a1U AU
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1 [%

ANNISHINUNIUDY zone3 TANMIAU 68.3 49.1 wazd5.2 anu av.y. tuduhunn Yurundnasd

U118 PuUaeU Inelianadss1eUwinnu 52.1 81U aU.4.

Average annual recharge by water year

90

W dry ¥ normal wet average
80
g 70
2
g 60
[
_S 50
@ 40
2
< 30
20
o I mm =
zone 1 zone 2 zone 3 total

Zone

5UN 5-4 AUSInamsiaug (Gw recharge) wagnuti ausigzone daih

5.2 Gsunanhuianageganazanansaldlaluanmdunsine

$raesanmmanisalvesanmsinavestiunmaluanmdineedldun annuSinadiy
wngn Ifusntiesgauaziuaisandoyaein 30 U WomuTinaininagegeiiazanunsoldld
Tnganmsziuiuimalisininanudniimuua@anianuldiiy 20iwns) Tnewnaeinsud st
Dusail

1%
o

Yuunn AUsuaeumnuInnan 1,400 Uu/3

o¥

TihUni AnUSunaurueglugag 1,000-1,400 13U

o¥

1% 1

Yoy AUsunarutesnit 1,000 uu/d

éi’m%’uﬂ'%mmmiquﬁwﬁmmaﬂ%’lé’mmﬁuﬁ AU e NDILAIUANILNITAIIUUTA 318
Futhuansguil 5-5 Taefenmumndutiuiniu 206 173 uag 134 &1 v seUnuanunisailio
110 UUAR waruTes audy dmduduil 1 daviafu 72 59 uas 48 d1u av.uselan
aonumsaitinun tiund wazthtios mugisu dmdutudl 2 fdwidu 71 60 way 47 & au..
sedauaaunisaldinunn dhund wazties mudidu dmsutuil 3 fAvindu 64 54 uay 39

AU aU.L.FseUMUER1LNNSAIUUNNNN YNUNR kagtntes aua1au
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m wet year W normal year mdry year

220 206
200

180
160
140 134
120
100
80

72 71 64
20 48 47 39
- AHR HER HEn
0
Layer 1 Layer 2 Layer 3 Total
(0-30 m-depth) (30-70 m-depth) (70-100 m-depth)

Annual available GWA (MCM)

o O

Uil 5-5 U%mzumiquﬁwﬁmmsﬂﬁﬂé’ (available pumping)

TuanunsaltuusaIge S1e9uL

dloRa15a11578 zone dwsu zonel gﬂﬁ 5-6 wudwﬁﬂ'wmaquﬁwﬁmmm‘bﬁlﬁwﬁf”fu 51 42
way 33 81U au.ydedauaniunisaidinann tind wazindes auddu WeRarsangie zone
15U zone2 wudwﬁmmiquﬁwﬁ'amﬁaitsﬂﬁwhﬁ’u 77 65 Uag 50 a1 av.aseUnuanrunisalt
vhann dhund wavintes auddu Wlefiansansie zone d1msu zoned WU’i’lﬁ?f’lﬂ’]‘ﬁQUﬁ;’]ﬁ

arunsalalavindu 78 66 way 51 au au.d.falnuaniunisaitinunn dhund wazities auaay

250
206
200
173
150 134
100 77 78
65 66

51 1 50 51
| I - I I
. Aim

zonel zone2 zone3 total

GW abstruction rate(MCM)
o

Hwet EMnormal mdry

JUN 5-6 Usunaunsauiiiianunsalele (available pumping) $18Zone dein

Tuanunsaliuuusige) 189U 598 zoned st
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TTD GW model development
P %
YIUAUIUIUINTE @ Flow components: GW abstraction (conduct the survey)
3
* Wells under registration at BGR7 * People wells (under processing survey data)

= susudeyavetuimaves i
nsumiwensthuimaluiudl fouue 646 Uo

= susudeyavatuimaniawenty
112w 1,033 Ue
- Uainuns 911U 786 Ua
- Uogulnauilna F1uau 100 Uo
- Uagsfia d1uau 147 Us

= doyavedunansal Sruau 16 aanil
(egluituillasanis 12 aanid)

Number of well
Registration
wells

PCwells  GCwells
People wells  In total

“PC wells: wells are constructed by private drilling companies
#%6C wells: wells are constructed by DGR and other government dilling companies

2418 2919

2023 3521

4336 5232

1679 8,000 9,679

*Pre-assume around 8,000 people wells in the TTD area

1,033 1679

H X .
drumaluiuilassnsvaussnuvienasung

> S¥AULIUINNATSY (Actual GW level)
> ﬁuqmﬁﬂmmaﬁguﬁﬂ (Actual GW pumping)
sgAuUUIANaAIUAN (Control GW level < 20 m)

» Ysunruiananduay (Control or Potential GW)

: ; } V. Calibration : V. Evaluated m} Il Structure

The criteria is maximum available groundwater pump:

The drawdown of automatic monitor well is not below surface 20 meters.
Except the Sukhothai station, the groundwater can not below 13meters, since the
monitor station is far from the groundwater drawdown hotspot. When the
groundwater level at Sukhothai station meet the drawdown 13 meters below the

surface, the lowest drawdown of Sukhothai reach to 20 meters depth.

U-6
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TTD GW model development

Layer 1

Layer 3

Active cells and 3D model view

TTD GW model development

@ Flow components: GW abstraction (conduct the survey)

Refer GW pumping ratio by water years
(Panot, 2003)
= Irrigation = Domestic = Industry & business

Water year  Coefficient 60
flood 31% 50
40

L 67%
— .
z
dry 80% =30
very dry. 100% 20

w0 l
—
. . n 1 I Wl

wet/dry  40% - 60% 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year

TTD GW model development

@ Flow components: Input to model
* Distribute wells to aquifers * EBxample of one well input

Pumping ratio e a
Zone T

Time step
@, %

o, o,

oy Y, s,

250

Layer 1 Layer 2 Layer 3

5 %,
Zone 1 [P TIA e I I |

E

23%  24% &
z
§ 50

36% 6% 5

39% 38%

TTD GW model development
Calraton & vlidation JJOUPUEEREVSEID

+ Otservation —+—Simuiatin

» Transient calibration

GroundwaterTevel (m-MSL)

* Alightly decreasing trend in GWLs of TTD in the period of
2010 and 2020

N N T T

Time

%
* GWLs fluctuation mainly depends on distribution of GW
abstraction and GW recharge

* In some drought years as 2016, 2020, low GW recharge together with high GW abstraction led GWLs drop.
46 m in comparison with average GWLs in 10 years

12
7 ! ¥ ! — R —
VAMNINISIATEIUIAATIAUAL M i i ey’ D) S
© ; ; ; ; ; ; ; :
P = rr AT a— : S £ EERiver recharge H
P B = = - £ __ ERainfall recharge H 1 Kampeangphet

£ [Epump H H 1
EEUS H e |

i % H §
825 1 ~

‘ g i i 1
g T I
Sis- B H
H .
s H i
8" . s 51 i

i £ i1 %i £
€

0
) « O
T Month
13

TTD GW model development

% Groundwater balance analysis

Output analysis

Unit: McM '
ate (MCM) :
1 29
indry | inwet |inwhole | Ze 123
Flow components i
season season year Y
350 i
in lout in out in out| Boumday - Cait il
N 307
i
VELLS n/a|-51 | n/a| -39 | n/a | -90 a ! 5551"’“”' .
RIVER LEAKAG +
RIVER LEAKAGE a4 o 4 0 7 o 49 1
Bomaay [——
RIRnEIOVNoEY 20 | -9 | 20 | -9 | 40 | -18 ] 265
i
Leakage.
RECHARGE 5 nfa 25 n/a 30 n/a 25 i :ul 157
R o v Outtrom aquiters
Change in storage [P 1 31 —
. . ] ‘Groundwater Layer 3 Into aquifers
_

TTD GW model development

» Groundwater balance analysis

Output analysis

Years

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Bl dadhs

GWabstraction B Riverleakage M Boundaries B Rainfallrecharge 1 Change In storage

U-7




enuatuauysal |

P
g a a

Tassinsuszliudnenmuaznisldinuimaiiensnaususzuunsuimsdanainduiuiiiiluiuilasmsduaeingesnvivieneuns

TTD GW model development

» Correlation between GWLs declination and GW abstraction
O Zone 1

= GW sbstracion
—o-GWisatzL2

Output analysis

critical GWL = 20 m from ground

o Gwsaz1
- — criiesl GWLat21:1

TTD GW model development

» Correlation between GWLs declination and GW abstraction

QO Zone 2

= GW sstrsction
—o—GWLs 222

Output analysis
critical GWL = 20 m from ground

— ~ Citcl GWLat 221

T p— e Gt on i Rt
o = M B B »
H » = ™
o L =y s
o = _ » 5 _
2 © H £ © H
7 H 7 H
g = 03 g = 0 g
Ew £ Ew Sl
I s —_— =
= - 3 5 4
30 © 0 ©
5 22 =
2 s 20 s
3 s i 5
5 » o s 0 o
2 w0 wm mn owm me wn me op w20 wm o 2n T w0 wm wn ms oww ms ws w0 W 20 wm 2n
Years Yo
17 18
TTD GW model development TTD GW model development
% Correlation between GWLs declination and GW abstraction critical GWL= 20 m from ground » GW pumping distribution (2010 - 2020)
Q zone s = W abstacton —o-cws ez —o-cwis iz Annual GW abstraction (MCM)
oGt achotspot - - ot Lt - - criiom a2
s It
sz 20000 . — - Critical GWLathotspat . o Zonel Zone2 Zone3 o 100
% area %
H o _ =
H * o Bl 7 s w05 g s
H ° os BEW s vz 2s w1 5o
) H Bl 20 21 %3 s £y
i S [ IR TR U ot
o R ] Bl 21 s a1 756
£ H »
St Dl o 3 as ou »
M
Pl 37 136 231 s02
- B Ea ©
. EDl 1 0 1 s o
] . s BEEl »: s w1 s 00 1 22 208 oM 215 206 07 018 20 2020
Years
___ 0 o 200 253 a1s s
o o ms e ws e wn e we e e Ezn
19 20

TTD GW model development

3D Grid Hoad 3/112020 12:00:00 AM|
&

» Estimate available GW abstraction

Each zone select 02 control point to represent GWLs of
the zone

Lowest average GWLs have to maintain < 20 m (critical
GWL) from ground surface in next 10 years (2020-2030)

GW abstraction is increased/decreased until GWLs at the
control point drop/grow to ~ 20m from surface

The amount of GW abstraction that make the GWLs at 7

control points fluctuate approximately 20m from ground,

is considered as available groundwater abstraction

Output analysis

TTD GW model development

> Available GWA

Output analysis

= wet year = normal year a dryyear
annual sustainable GWA 220 206
(M g o
Zone ; : 2 10
ry  normal  we §m
scenario scenario  scenario S 10 134
2 0
2
34 a3 a9 g 100
Fw o n 7 -
B | (- w o
< 40 3
© “ ° » I I l
134 173 206 °
Layer 1 Layer2 Layer3 Total
(0-30 m-depth) (3070 mdepth) (70100 m-iepth)
® by zones

= by layers
21 22
» } : : IV. Calibration : V. Evaluated } . Structure Y . Y .
Wisuisudruiaaninuinily
B E xisting Pur;—\page Kampeangphet i .
g 200 [EMAvsilsble Pumpage 1AsIN15valsznurianauag
=
% 150 . )
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— Current GW abstraction in Thorthongdaeng Irrigation Project —

GW abstraction (MCM) in Thorthongdaeng Irrigation Project
Water year
zone 1 zone 2 zone 3 total
dry 26.5 30.9 30.3 87.7
normal 20.2 22.9 23.1 66.2
wet 13.4 14.3 15.2 43.0
average 20.3 23.0 23.2 66.5
Average annual GW abstraction by water year in ThorThongDaeng Irrigation Project
100
mdry mnormal wet average
%0
g 80
% 70
g 60
g 50
E a0
< 30
20
o | i i
0
zone 1 zone 2 zone 3 total
Zone
\_ J
- Available GWA in Thorthongdaeng Irrigation Project ~
Available GW abstraction (MCM) by Available GW abstraction (MCM) by
zone in Thorthongdaeng Irrigation layer in Thorthongdaeng Irrigation
Time Project Rlzs icIEct
zonel zone2 zone3  total Layer1 Layer2 Layer3 total
34 51 49 134 35 59 39 134
dry dry
43 64 66 173 46 76 51 173
normal normal
49 77 80 206 54 90 60 206
wet wet
42 64 65 171 45 75 50 171
average average
\_ J
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P
g a a

GW recharge (consider as sustainable GW abstraction)

in Thorthongdaeng Irrigation Project
GW recharge (MCM) by zone in Thorthongdaeng Irrigation Project
Water year
zone 1 zone 2 zone 3 total
dry 5.9 18.2 45.2 52.6
normal 3.8 4.4 49.1 64.5
wet 4.1 0.6 68.3 77.9
average 4.6 7.2 52.7 64.7
Average annual recharge by water year in ThorThongDaeng Irrigation Project
20
mdry m normal ™ wet average
_. 80
5]
g 70
2 60
©
& 50
5
< 40
2
30
20
* I
° e = -
zone 1 zone 2 zone 3 total
Zone
\_ J
9
f TTD GW model development N
Output Analysis
» Correlation between GWLs declination and GW abstraction critical GWL = 20 m from ground
U Zone 1 I GW abstraction —o— GWLs at 71-1
—0—GWLs at Z1-2 — = Critical GWL at Z1-1
3D Grid Head:3/1/2020 12:00:00 AM — = Critical GWL at 21-2
&0 75 30
70
65 25
% H
= -
gz 0 @
£ 50 :
g L. 2
g ® 5 B
40 K
35 N N %
30 10
25
20 5
15
10 0
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Years
\_
10

A-5




enuatuauysal |

P
g a a

Tassinsuszliudnenmuaznisldinuimaiiensnaususzuunsuimsdanainduiuiiiiluiuilasmsduaeingesnvivieneuns

- TTD GW model development

Output Analysis
» Correlation between GWLs declination and GW abstraction critical GWL = 20 m from ground
U Zone 2 = GW abstraction —o—GWLsatz2-1
—O0—GWLs at 72-2 — — Critical GWL at 22-1
3D Grid Head:3/1/2020 12:00:00 AM — — Critical GWL at Z2-2
o ) 75 30

25 .
60 g
3 s =
H -
E s g
2 X g
45 b
5 15 &
40 = Sl
35 H
30 10
25
20 5
15
10 0
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Years
11
- TTD GW model development N\
Output Analysis
» Correlation between GWLs declination and GW abstraction critical GWL = 20 m from ground
O Zone 3 = GW abstraction —o—GWLs at 73-1 —0— GWLs at 73-2
—0—GWLs at hotspot — = Critical GWL at Z3-1 — = Critical GWL at Z3-2
3D Grid Head:3/1/2020 12:00:00 AM — — Critical GWL at hBSpOI
& 75 45
70
40
65
60 35 §
7 =
gl 55 - 30 %
£ 50 'g-
~ 25 2
40 0 8
35 X E
30 15
25 10
20
5
15
10 0
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Years
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- TTD GW model development

Output Analysis
» GW pumping distribution (2010 - 2020)

Zonel Zone2 Zone3
area

8.7 7.6 14.1 30.5
13.6 13.2 229 a9.7
14.4 14.2 244 53.0
22.0 23.1 38.3 83.4
222 23.2 38.5 83.9

80

B Zone 3
70

g 60 H Zone 2
50

40 ® Zone 1
240 253 418 91.1 30
13.7 13.4 231 50.2 20
15.1 15.0 25.7 55.8 10
20.1 20.8 34.7 75.6 0

20.1 20.8 34.7 75.6

GW abstraction (MCM)

24.0 253 418 91.1 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Years
18.0 18.4 30.9 67.3
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AANUIN 9-1.1
“Propose groundwater abstraction scenarios in the Thorthongdaeng Irrigation Project,

Thailand”

The 1" THAILAND Groundwater

BANGKOK & KANCHANABURI
(22 - 26 AUGUST 2022 )

Present by: Dr. Tuan Pham Van?
“Propose groundwater abstraction Ms. Jirapa Hwingpad?
scenarios in the Thorthongdaeng lWater Resources System Research Unit

. . . . e Faculty of Engineering, Chulalongkorn University
Imgatlon PFOjeCt, Thailand 2Department of Groundwater Resources

August 2022

1. INTRODUCTION

Upper Central Plain, Thailand

= The Upper Central Plain of Thailand, which means Northern part of
Chao Phraya Plain, covers the areas of Uttaradit, Sukhothai,
Pitsanilok, Kampangphet, Pichit, and Nakornsawan Provinces,
where farmers depended on both surface water and groundwater.

e

= Water allocated from the Bhumibol and Sirikit Dams are limited and
caused water shortage in the dry years. Most farmers turn to use
groundwater to supplement irrigation water in the dry years.

= How much groundwater should be extracted in a certain time? i et ) —

= The research project is a part of Spearhead Research Program on

Water Management funded by NRCT. S
: %EM— S
= The overall objectives of the program are to use new technologies || St . o A
for better water management especially dam operation to save 10 —p e { P

water in the rainy season for next dry season and GW is another .
Thorthongdaeng Irrigation

source to be manaied con'unctiveli. iii iii
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1. INTRODUCTION

= need to understand groundwater use pattern and distribution in irrigation areas as well as potential of GW
abstraction in the irrigation area.

= need to develop a sustainable groundwater system for the conjunctive water management system.

River stage (m-MSL)

%, %, %,
. . -

\/9/7
7

<% <% <% <% <% <% 4 <% <%
n, . N, N, . N, K8 N, n,
0o 70 77 75 7q 7s 76 7> 79 27 £74

Time

» Thorthongdaeng Irrigation Project Area Water level at P7a station

1. INTRODUCTION

2,500

2,000 .
Wet condition

-—- -— 1,600
1,500 Normal condition
pinak paly ik  paine (e - 1,200
1,000 I I | | Dry condition
0

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Years

annual rainfall (mm)

(%]
o
o

Annual rainfall in Khambangphet Province
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2. METHODOLOGIES

» Framework of the study

Improve input parameter:
Borelog-data

Aquifer test

GW abstraction

Criterion 1: Available GW abstraction

Apply the current regulation of GW
Local GW flow model management:
(TTD irrigation project)

Regional GW flow model
(Upper Central Plain)

Criterion 2: Sustainable GW abstraction:

3 climate scenarios

Propose GW abstraction scenarios for
conjunctive use plan

2. METHODOLOGIES

Data collection Conceptual model Data input Calibration & validation Potential GWA

Flood Plain aquifer (Qg)
@ = 160 bore-log data

Older Terrace aquier (Qsq)
Layer3. g a%
|

Young Terrace aquifer (Qsq)
- ®

Active cells and 3D model view

a4
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3. METHODOLOGIES

Data collection Conceptual model Data input Calibration & validation Potential GWA

» Parameters of GW model layers
= Layer properties: Based on the dataset of
147 well data from the DGR (2021) m
(Appendix 1), horizontal HC (K;,) and
storage coefficient distribution (S,) and
specified storage yield of aquifers was
estimated using the Kriging Tools in GMS > GW recharge rate by zones
software
= Land recharge: Recharge zone estimates
of Upper Central Plain (the regional
model) and extracted recharge zone in

Parameter adjustment

Ky (m/d) Ky (m/d) S; (1/m) Sy
12-22 12-2 0.000016  0.074
10- 20 1.0-2.0 0.000016  0.163
8.0-16 0.8-1.6 0.000014  0.163

0.0012

—e—Type 4a —+—Type 6

0.001

0.0008

TTD %0.0006
* River package: Then river stage of nodes _%'0.0004
were estimated/interpolated from the * 00002
stages in the station P7a and observed 0

points of canal network

3. METHODOLOGIES

Data collection Conceptual model Data input Calibration & validation Potential GWA

* Distribute wells to aquifers

W Irrigation ™ Domestic Industry & business
Pumping ratio 60

Layer Layer Layer 50
1 2 3

Zone 1 @Y/ 40% 10%
37% 23% 24%
61% 36% 66% I I I I I I
. 1

0, 0, 0y
Total 23% 39% 38% 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year

MCM
N w
o o

[
o
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2. METHODOLOGIES

Data collection Conceptual model Data input Calibration & validation Potential GWA

. . . 70
> Transient calibration _ ¢ o Layer2
66 < Layer 3

64 ——Linear (Layer 2)

jy
7]
=
% 62 ——Linear (Layer 3)
S 60
O 58
-]
2 56
5 %
S 54 & & o
E = < GW.L calibration (2010 — 2017)
2]
50
50 52 54 56 58 60 62 64 66 68 70
Observed GWL (m-MSL)
70 o L 2
ayer
Zg & Layer3
O Layer1
55 ——Linear (Layer 2)
50 ——Linear (Layer 3)

——Linear (Layer 1)

Simulated GWL (m-MSL)
B
(4]

40
35
30
2 GWL validation (2018 - 2020)
20 25 30 35 40 45 50 55 60 6 70
> Distribution of observed wells Observed GWL (m-MSL)

3. RESUTLS Current situation @

» GW level distribution in March 2020 > GW balance analysis in 2020

Rainfall
3D Grid Head:3/1/2020 12:00:00 AM
80

& Unit: MCM 1
70 ; 1
e 1
50 River > 209 | 239
Hao ) Z !
] ¢ 1
Boundary 10 1 Groundwater Layer 1
! 397
1 Leakage
68 | 55.3 1.7
1
\ 49 1
l§ ) = Boundary 48 : Groundwater Layer 2
@ S 1 265
! Leak:
24 1 38| S99 sy
N Q&% % 1
o4 ¥ v Out from aquifers
N y
J Boundary  , Groundwater Layer 3 Into aquifers
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3. RESUTLS Current situation @

» Groundwater balance analysis

Years
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

The whole cg TTD area

ie .
e jlllli]lljj
;o : ol

é:/wi 7~f\kﬂ) -60

-
o

N
o

MCcM

GW abstraction m River leakage ® Boundaries m Rainfall recharge ® Change in storage

Time series of GW components from 2010 to 2020

3. RESUTLS Correlation analysis @

» Annual distribution of rainfall recharge, rainfall, and GW level

Zonel Zone 2
a0 200
. Recharge volume W Rainfall volume  ===GW level ‘mmmRecharge volume  mem Rainfall volume  ==—=GW level
800 700
> 2
700 5 o s
60 48 . 4§
H z g z
3500 k] 2 K]
s 63 ) 62
Ewo E £ £
3 3 3300 ]
20 a3 B 8%
200 H 200 z
10 10
100 100 I
. . . B il nll,
2, %5, e,;,] 20, e% 20, 20, %, 2, 2, e% Rors 5 2ty 005, 015 0ty 2y 5 25, e% 2, %, e% a% 2, J"'e <o, <, 2, *01, 2, a% g 20ty 2ty 205 a% 0 200y 05 5
o, 0 ey ey, ey, e, gy ey g%,y D R A A A S A N
Time r"“e
Zone 3
500
—recharge volume e Ranfallvolume | —GW level
700 )
600 g
aF
5 500 %
H o3
w 400 2
E s E
30 H
-
0 %
100 I I ©
. ] n b,

0, e% e"Jz ?"11 e% *"Je e% % e"zv e% *"J; e% 5, s, :% s, % e% % e% 5 %,
4 b, ey 0 ey,
o Yep ‘o o B e ey o B e

5 -

-7
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3. RESUTLS

Correlation analysis €

» Annual distribution of rainfall recharge, rainfall, and GW level

GW level (m below ground)

one 2 ® dryseason ¢ wetseason
sone 1 . gry season | + wetseason ‘ 2 O dryseason-1 year lag o wet season-1 year lag
° _L’V 5"""‘;""'1 year )ag _f_f\_”"" 55?”’("1 year fg - =--Linear (dry season) -~~~ Linear (wet season)
inear (dry season, inear (et season Linear (dry season-1 year lag) —— Linear (wet season-1 year lag)
250 Linear (dry season-1 year lag) Linear (wet season-1 year lag) 25.0
.
200 . * 200
< R?=0.2505 s
B -
B H
g 150 3 150
) @
£ 2
8 . o H :
100 o, o R=0.4029 R?=0.5933 2 R*=0.6713
£ S, 260 3
50 Jone 3 ® dryseason + wetseason 0.1031 o ©
© dryseason-1year lag ©  wet season-1 year lag [
----Linear (dry season) ==~ Linear (wet season) -
00 Linear (dry season-1 year lag) —— Linear (wet season-1 year lag) ]
: 250
° 2 4 ° 8 10 1 10 12 14 16 18 20 22 24
GW level (m b
/level (m below ground)
200
s *
z . ¢ R*=0.4028
3
3 15.0
o
5
s R?=0.3854 °
=0. 2= 0.
g 00 R?=0.7081

3. RESUTLS

Correlation analysis

> Correlation analysis (GW abstraction and GW level)

Zone 1 Zone 2
20 25
Dry season:
20
15 5.2654
5 g
% 215
210 £
8 g
z £
; 210
z . © Dryseason z ® Dryseason
5 + Wetseason o Wetseason
== ==Linear (Dry season) s
. ===~ Linear (Dry season)
- ==~ Linear (Wet season)
o -~~~ Linear (Wet season)
4 6 8 10 12 14 ° N
GW level (m below g Zone3 4 N 0 2 1
W level (m below ground)
2
Dry season: y = 0.9057x + 6.0294
R?=0.6695
20
5
g
215
=
$
g
£
£ 10 .
g .- —;“ ® Dryseason
s ¢ + Wetseason
° == ==Linear (Dry season)
===~ Linear (Wet season)
0
0 2 4 6 8 10 12 14 16

GW level (m below ground)

<
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4, RESUTLS Potential GW abstraction €

> Available GWA

critical GWL= 20 m from ground
O Zone 3

s GW abstraction —0—GWLs at Z3-1 —0—GWLs atZ3-2
—0—GWLs at hotspot — — Critical GWL at Z3-1 — = Critical GWL at Z3-2

— = Critical GWL at hotspot
— 7 45

2 21-2 70

3D Grid Head:3/1/2020 12:00:00 AM

35

25

GWLs (m-MSL)
a
<3

20

GW absraction rate (MCM)

R R R S R

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Years

3. RESUTLS Potential GW abstraction @

> 5ustainab|e GW abstraction 3D Grid Head:11/1/2031 12:00:00 AM

Time
s s s o 2 2 2 o % s s o
c) c) S S S S S 3 C) c) 3 S
/)?O O‘?/ 'Lee 0‘3\9 /]‘?q 0?6‘ 0?6‘ 0‘@) /)?0 /)?9 8 3 8 3,
0

5

10

o

w
S

Groundwater level (m beblow ground)
w N
o o

——Zone 1.1 Zone 1.2 —Zone 2.1 —Zone 2.2 —Zone3.1 ——Zone 3.2 —Hotspot

GW.Ls distribution in new stable state
(dry scenario)
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3. RESUTLS Discussio
Normal scenario

» Comparison of sustainable and 180
available GW abstraction by zones byie
120
S 100
(=}
S 80
Dry scenario 60
40
20
0

Zone 1 Zone 2 Zone 3 Total

B Current GWA 1 Available GWA B Sustainable GWA

60
40 .
Wet scenario
20
0

MCcM

Zone 1 Zone 2 Zone 3 Total 250
® Current GWA Available GWA  m Sustainable GWA 200
= 150
[w]
2 100
» ol ol oD
0

Zone 1 Zone 2 Zone 3 Total

3. RESUTLS Discussion @

» Comparison of sustainable and available GW abstraction

Recommend GW abstraction

= Available GW abstraction shows a —— Sustainable GW abstraction in dry scenario
. . —— Sustainable GW abstraction in normal scenario
hlgher amount than sustainable GW Sustainable GW abstraction in wet scenario
. . . ====Available GW abstraction in dry scenario
abstraction in all three case of climate 250 ~==-Available GW asbtraction in normal scenario
i -~~-Available GW abstraction in wet scenario
scenarios
200 eeees
. [}
= The current amount of GW abstraction fmmmmmmmmmmmmnmmeo
. . . 1
need to maintain or reduce lightly ™ i
o i
= )
[/

(about 20 MCM) to meet the
sustainable GW abstraction in the
normal and dry scenario, respectively. 5

100

About 50 MCM of groundwater can be o
extracted more to meet sustainable 2010 2012 2014 2016 2018 2020Y 2022 2024 2026 2028 2030 2032

j . ear
GW abstraction in wet season, or

available GW abstraction in dry season
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4. CONCLUSIONS

= OQverall, the groundwater potential of three aquifers in the TTD area is generally in good
condition, however indicating a crisis may occur if groundwater abstraction is not properly
managed.

= Based on current GW abstraction regulation, TTD can sustain abstraction rates up to 128%
(~116 MCM for three top aquifer), 92% (~83 MCM), 50% (44 MCM) of the current extraction
rates in 2020 for a 20 m drawdown threshold in wet, normal and dry scenarios, respectively

= |n order to meet the sustainable GW abstraction of the TTD area, current GW abstraction in
2021 need to be reduced 15% in case of dry condition or maintained in case of normal
condition and increased lightly to 20% in case of wet conditions.

= Not consider to redistribute location of wells. The model should consider the optimization of
groundwater pumping distribution then be used with caution

‘The T THAILAND Groundwater
Symposium:
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D S T T

The farmers in the Upper Central Plain Basin of Thailand have adapted conjunctive
water use to meet the high demand for rice cultivation. Conjunctive water management is
an optimal tool for groundwater pumping guidelines under reservoir water release
conditions for sustainable development. However, under the water stress in the recent dry
years, the farmers tend to overexploit groundwater pumping, which leads to the rapid
drawdown decline. To take advantage of the available surface water and groundwater,
conjunctive water management was explored in the Upper Central Plain for various
stakeholders.

However, the practice of conjunctive water management contained difficulties due to
the complex processes of modeling techniques, time consuming and unavailable survey
data to estimate groundwater budget. Therefore, this study aims to estimate available
groundwater pumping and develop available groundwater pumping estimation tool in the
Upper Central Plain Thailand under three water year patterns.

1l. OBJECTIVE/ 11l. STUDY THEORIES AND

This study aims to estimate available groundwater pumping in the T ———""
Upper Central Plain Thailand under extreme weather scenarios.

First, the regional groundwater model was developed via a survey
monthly pumping pattern, hydrogeology map, river stage, and rain. Then,
Younger Terrace Aquifer's groundwater level was calibrated from 1993 to
2010 and validated from 2011 to 2020.

Second, the sustainable groundwater pumping was estimated based
on three water year patterns under set drawdown criteria: wet year (rain
>1400 mm), average year (1200mm< rain <1400 mm), dry year (rain <1200
mm). The sustainable drawdown criteria is set to be 20 meters depth
below the surface.

Final, the rainfall, groundwater level, and dam storage data from
three water year scenarios were trained via the artificial neural network
for the estimated available groundwater pumping. As a result, the ANN
tool could guide properly the region's available groundwater pumping for
planning by utilizing the relatively surface water data, less 1aborious, and 2 e 6000 Gomor eiits 660000 6o

mamuma annk ~Affaatiiia
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' & m— I1. OBJECTIVE/ 111 STUDY THEORIES AND

]

‘ River stage ‘ ‘ Land recharge ‘ (Estlmated groundwater pumping ‘

Average rainfall pattern (2010-2020)

| % % Survey well and registration well)
2 | ' |
£ € :
k4 E ‘ Regional groundwater modeling ‘ |
= 2 .
| 7a o 1
c & |
| _g % Calibration groundwater level in 6 provinces
(-3
c
£ 2 I |
=3
= N N P A
w o Verification regional groundwater modeling . |Maximum rainfall/  Minium rainfall/ |

B
|
l
l
l
l
l
l
Il
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
[

Estimation sustainable groundwater (groundwater
level/ pumpage/ reccharge) flow budget and
available groundwater each scenarios

1

Training ANN tool for estimation groundwater |

pumping and prediction groundwater available via
automatic monitor groundwater level

!

Developed groundwater availability tool with certain
criteria groundwater level/ Rainfall/ Dam storage

[ Develop GW Availability Tool

Conceptual regional groundwater modeling

River recharge=conductive*(hriver-hGW)

Land recharge =recharge ratio*effective rainfall

Weekly groundwater use=well * monthly pump rate

== Specific head boundary
No flow boundary

Regional groundwater model . g
grid-size 2 km X 2 km. i .
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1. OBJECTIVE/ Ill. STUDY THEORIES AND
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Monitoring network for parameter calibration gl v
W Monitor runoff stage: 15 stations = Sirikit! Dam
g o
A 4

O Monitor groundwater level: 112 monitoring wells

Phitsanulok
24A
N5A O‘,“ v

1850000

===The conductance estimated from the field experiments varied from
0.2 to 6.5 m2/day/m

1800000

Automatic monitoring network for prediction available
groundwater pumpage

Legend

'V River Station
@ GW observation | L7
River conductance

1750000

Automatic monitoring well/rainfall

below 0.330 miday

W Recorded dam storage i
e aer
et
Province
22 Study area

1700000
§
3
H
§

Chainat o /10 2

Km

9/24/22 550000 600000 650000

J
70000t

1750000 1800000 1850000 1900000 1950000

1700000

1. OBJECTIVE/ 1ll. STUDY THEORIES AND

Criteria for estimating sustainable groundwater pumping

The sustainable groundwater pumping was estimated under three water years

Drought year (2016) Normal year (2009) Flood year (2011)
Rainfall (mm) Below 1000 1000-1400 above 1400
The criteria sustainable groundwater pumping
Utraladit  Sukhothai Kampheangphet Phitsanulok Pichit Nakhonsawan
Drawdown 20m 20m 20m 20m 20m 20m
9/24/22 8
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11. OBJECTIVE/ 1ll. STUDY THEORIES AND
Modular Training Output results/

MOd UIa r neural Input neural network network Output layer target
netWOrk (MNN) Groundwater Layer 1

level this | . 3
month (6 dimensions)

Development Groundwater

level next |
month

Rainfall this Layer 3 Layer 6
month (6 dimensions) ( 6 dimensions)
4’[

Layer 2
(6 dimensions)

groundwater
pumping
o "

Dam storage
this month

Layer 4
( 6 dimensions)

Dam storage
next month

Layer 5 a
( 6 dimensions)

*The input utilized database
generated from the

groundwater modeling |  e—— AT
a = poslin(n)

\ 4

vV

9/24/22 Positive Linear Transfer Function
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~
3

Phitsanulok - PLO51

1l. OBJECTIVE/ 11l. STUDY THEORIES AND
BRI STUDY AREA PROCEDURES M
GWL Calibration by monthly data 2008-2014 [ [ 2z 45 ’ '
A GWL Sukhothai

g 60 3 GWL Phitsanulok 1 40 - 7
- @ GWL Kampheangphet -
£ % GWL Pichit 1 Boas,
3 4 GWL Nakhonsawan > E L
£ 95% Confidence Intervals : = soll
2
= 40 =2
5 -
2 £ 25
S50l 1 £ :
2 = H H -
a ) 5 20- Calibration
3 - StdE(m) RMSE(m) 5 i .
220 " Sukhothai 0.81 0.62 105 15 Verification
£ Phitsanulok 092 085 123 © Observation
3 Kampheangphet  0.61 031 067 - Computation
o o9 Pichit 085 048 081 10 205% C1 ) ) ) ) )
P | Nakhonsawan 085 958 ope 2008 2010 2012 2014 2016 2018 2020
10 20 30 40 Time
GWL Validation by weekly data 2014-2021 Nakhonsawan - GWA24
A GWL Sukhothai . ' ' ' '
60 o GWL Phi lok i i
QY- Phitsanulol Calibration
O GWL Kampheangphet 20, Verification
* GWL Pichit

@
8
®

GWL Nakhonsawan
95% Confidence Intervals -

)

N
5

o

IS

@
8

Computed piezometric head (m. MSL)
Groundwater level (m. MSL)
o
N

10
R? StdE(m) RMSE(m) 8

20 Sukhothai 0.83 049 083

Phitsanulok 08 062 0.96 6

Kampheangphet  0.64 033 069
10 Pichit 077 057 0.93 4 [® Observati

Nakhonsawan ~ 0.87 0.48 079 Computation

2 £95% CI
10 20 30 40 50 60 70 g g g g
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1. OBJECTIVE/ 1ll. STUDY THEORIES AND
BLLLGERC ] STUDY AREA PROCEDURES w
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Groundwater Pumpmg and Groundwater Recharge in the UPPER CENTRAL PLAIN, THAILAND
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ACTUAL GROUNDWATER PUMPING

UNIT (MCM/SEASON) UTTARADIT SUKHOTHAI
DRY SEASON 13.7 119.5
DRY YEAR
WET SEASON 13.4 113.6
DRY SEASON 5.2 85.7
NORMAL YEAR
WET SEASON 6.4 112.1
DRY SEASON 6.5 48.6
WET YEAR
WET SEASON 13 84.1

SUSTAINABLE GROUNDWATER PUMPING

UNIT (MCM/SEASON) UTTARADIT SUKHOTHAI
DRY SEASON 8 121
DRY YEAR
WET SEASON 26 253
DRY SEASON 30 197
NORMAL YEAR
WET SEASON 30 157
DRY SEASON 24 270
WET YEAR
WET SEASON 23 246
9/24/22

1. OBJECTIVE/ 1ll. STUDY THEORIES AND
BLLLGERC ] STUDY AREA PROCEDURES w

PHITSANULOK = KAM PHAENG PHET PHICHIT NAKHON SAWAN REGIONAL
148.1 62.4 174.6 93.1 611.4
162.9 77.6 142.5 98.8 608.8
114.1 27.7 82.2 69.9 384.8
150.6 34.6 114.2 90.9 508.8
80.5 29.6 28.7 57.1 251

160 59.2 57.7 113.6 487.6

PHITSANULOK  KAM PHAENG PHET PHICHIT NAKHON SAWAN REGIONAL

126 62 144 74 535
242 205 252 162 1140
251 116 301 146 1041
243 166 253 137 986
263 141 283 139 1120
231 174 237 156 1067

15
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Dry season year 2021

~400

-300

L 200

Groundwater
level (m. MSL)
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1. OBJECTIVE/ 1ll. STUDY THEORIES AND
BLLL e STUDY AREA PROCEDURES w

Upper Central Plain, TH
Wet season year 2021
River recharae

Fumpage 1(Rainfed area)
P A

Boundardy in 1
as8.52

mpage 1drrigation area)
S5 Land recharge
T / B4 =22
- 5
E < .

/ z6z 74
" Boundardy in 2
=

= aaa

Upper Central Plain, TH
Dry season year 2021

Pumpage 1(Rainfed area) River recharge
o

‘aes
Pumpage 1drrigation area)
Jieo.7a La
,l_ A7

~— :ax
smrags c‘hang_a —1rao1

Boupdardy out 1
o1,

frmpage 2(Rainfed area) Leakage aquifer 2 to aquifer 1
~Z

Land recharge
qe)

/ 7=
== Boundardy in 2

= - o4.84

L-y 2 5
Stdtae change: -67.7 3

Unit:MCM/season
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1. OBJECTIVE/ 1ll. STUDY THEORIES AND
BLLLGERC ] STUDY AREA PROCEDURES w
0 .

m ANN structure

Without pre-processing data
Pre-processing groundwater level only
Pre-processing rainfall only
Pre-processing dam storage only
Pre-processing all data (rainfall, GWL, dam storage)
Pre-processing all data plus one hidden layer

Pre-processing all data plus two hidden layers

Standard Deviation

15
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1. OBJECTIVE/ 1ll. STUDY THEORIES AND
BLLLGER ] STUDY AREA PROCEDURES w

Calibration and verification ANN tool

6 PHITSANULOK Province 45
T T
* Trainning data (GMS si 4 Verify data (GMS Test data (GM: = = ANN simulation
40 * UTTARADIT
[ * SUKHOTHAI Y
§50 R%train=0997  RMSE train =0.84503 R test=0.993 RMSE test =1.2221 i 35 PHITSANULOK . 0
Q RZverify=0993  RMSE verify =1.294 § * KAM PHAENG PHET
= : ? =5 | PICHIT
> . 5 - NAKHON SAWAN N
c =
5 . » !
E30 fi 8 I X
2 Dy de
[ 2]

: fag Anminid
g2 SR S TRE
H A iy TR
2 PR 0 N VoAl
310 ,'|'|",,L o o, L )
5 ) n a4 _alnm A ) £ 510 R?=0.99

" ’\";o | | A N RMSE = 1.2

0‘«\-‘ W o ¥ e X W
1 1 1
1995 2000 2005 2010 2015 0 5 o 5 20 2% %0 35 4045
Time Historical gr (McCl )
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1. OBJECTIVE/ 1ll. STUDY THEORIES AND
Sl STUDY AREA PROCEDURES m

Weight coefficients of ANN tool

| Weights of output Pump Utaradit  0.124 -0.26 2.395 -1.899 0.511 -0.456
| Weights of output Pump Sukhothai  -4.619 15.479 -10.848 -0.036 3.363 -0.559
| Weights of output Pump Phitsanulok 1529 0.078 -0.07 2.946 1.256 0.161
| Weights of output Pump Kamphengphet ~ -2.084 137 21.365 -0.114 0.053 -12.368
| Weights of output Pump Pichit  -4.17 4.028 8.151 -5.578 1135 -10.705
| Weights of output Pump Nakhonsawan ~ 2.143 7.022 0.032 3.918 -0.731 -10.026
| Weights of output Pump Utaradit -0.357 -0.3 0.062 0.19 0.588 -0.176
 Weights of output Pump Sukhothai -0.023 -0.058 0.153 -0.158 0.05 -0.017
. Weights of output Pump Phitsanulok 0.197 0.562 -0.08 -0.012 -0.09 0.022
' Weights of output Pump Kamphengphet ~ -1.024 -0.393 0.711 0.256 -1.33 0.592
| Weights of output Pump Pichit -0.206 0.875 0.132 -0.363 0.144 0.016
| Weights of output Pump Nakhonsawan -0.925 -0.017 0.247 0.087 0.367 0.385
9/24/22 19
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Weight coefficients of ANN tool

-1.889 0.355 -0.226 -1.756 -0.854 2.548
-1.519 -1.013 0.55 2.278 2.602 -0.089
0.386 0.222 -0.129 0.956 0.643 0.688
-1.007 1.012 -1.093 4.09 2.18 6.705
-0.701 1.154 -0.375 -2.707 -0.053 11.963
0.122 0.244 -0.143 0.643 -0.051 0.186

0.006 0.007
0.006 0.007
0.0003 -0.0004
-0.0006 0.0002
0.0002 0.0002
-0.0006 0.0002
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4] MATLAB App

: Future applications (with next 3 months rainfall forecasted
{::} Al SIMULATION GROUNWATER PUMPING IN THE UPPER CENTRAL PLAIN BASIN OF THAILAND d t h' h 'II d t . th tt > t th

‘ ata which wi etermine weather pattern In nex ree
INPUT GROUNWATER LEVEL THIS MONTH INPUT GROUNDWATER LEVEL NEXT MONTH mon th S)
GWL Utaradit (below surface m.) 15 GWL Utaradit (below surface m.) ‘J
GWL Sukhothai (below surface m.) [ 1] GWL Sukhothai (below surface m.) [ In Eut

i ’
GWL Phitsanulok (below surface m.) 16 GWL Phitsanulok (below surface m.) ‘ 18 . roundwater Ievel thls month tar eted next month
GWL Kampengphet (below surface m.) 13 GWL Kampengphet (below surface m.) ‘ 14 y ra i nfa " (th is month)
GWL Pichit (below surface m.) 13 GWL Pichit (below surface m.) ‘J
GWL Nakhonsawan (below surface m.) 21 GWL Nakhonsawan (below surface m.) 2 * dam storage (this mo nth, targeted next month
[ =
INPUT RAINFALL THIS MONTH DAM STORAGE THIS MONTH | Output groundwater pumping next month (m each
Rainfall Utaradit (mm) 0 Sirikit Dam (MCM) ["s500] o
Rainfall Sukhothai (mm) Bhumibol Dam (MCM) [7500] provmce)
Rainfall Phitsanulok (mm) DAM STORAGE TARGET NEXT MONTH
Raifall Kampengphet (mm) Skt Dam (Mow) ‘=] | The estimated available groundwater pumping in next
RIS ERmeobaniici) [ | month = Sustainable groundwater pumping (based on the
e teensaven (o) : water year pattern) — predicted next month groundwater
SIMULATE :

OUTPUT GROUNDWATER PUMPING p u m p I ng)
Pump Sukhothai (MCH) 225 Pump Utaradit (MCM) [5.045]
R lE ] oot RO sl | The PAGP will be used for water allocation decision (both
Pump Kampengphet (MCM) 2412 Pump Nakhonsawan (MCM) \E SW a nd GW) in next 1_3 months
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The available groundwater pumping = sustainable Estimated sample of weekly available groundwater
groundwater pumplng —current groundwater pumping pump"‘g -
4] MATLAB App - o x £ Al SIMULATION GROUNWATER PUMPING IN THE UPPER

= CENTRAL PLAIN BASIN OF THAILAND
ii;%’:é Al SIMULATION GROUNWATER PUMPING IN THE UPPER CENTRAL PLAIN BASIN OF THAILAND input Valdes | nput Fies
INPUT GROUNWATER LEVEL THIS MONTH INPUT GROUNDWATER LEVEL NEXT MONTH o)
GWL Utaradit (below surface m.) [s] GWL Utaradit (delow surface m.) 7 ‘  p——
GWL Sukhothai (below surface m.) GWL Sukhotha (below surface m.) [ =
WL Prtsanuio (bslow suiace ) [ %] oW Pisanuiok (elow suracem) 0 Complece
GWL Kampengphet (below surface m.) [ GWL Kampengphet (below surface m.) [ 1] ‘ arowse
WL Pt olow suface m) [ 5] owLpcntbeiowsutacem) T
GWL Nakhonsawan (below surface m.) [21] GWL Nakhonsawan (below surface m.) 2

INPUT RAINFALL THIS MONTH DAM STORAGE THIS MONTH
Location: | Pichit v
Rainfall Utaradit (mm) Sirikit Dam (MCM) 6500

PICHIT Province

N

Rainfall Sukhothai (mm) Bhumibol Dam (MCM) 7500

Rainfall Phitsanulok (mm) [ DAM STORAGE TARGET NEXT MONTH g 1
Rainal Karpengphet (mm) [ o swoammem [‘som] g
Rainfall Pichit (mm) [ o Bhumibol Dam (MCM) 7000] | g 10
Rainfall Naknonsawan (mm) [ ]
( SIMULATE é e
OUTPUT GROUNDWATER PUMPING &
Pump Sukhothal (MCM) [225] Pump Utaradit (MCM) [5.a35] ° PP BB B B B B B Db B B
Pump Phisanulok (MCW) [001] Pump Pt (MC) 5l ST ST T e e e
Pump Kampengphet (MCM) [2412] Pump Nakhonsawan (MCM) [39.24]

‘About App
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The sustainable groundwater of Sukhothai, Phitsanulok, Kamphengphet, Pichit,
Nakhonsawan, Utaradit and the whole region varies from 325- 432MCM/ year, 348-
521MCM/year, 160-226MCM/year, 294-416MCM/year, 305-549MCM/year, 40-
72MCM/year and 1472-2106 MCM/ year. As a result, sustainable groundwater

pumping proposed could be used as a guide to sustainably manage the regional
groundwater resources in the study area.

From the verification results, the developed modular of neural network (MNN) can
reliably predict the next month’s pumping and available groundwater pumping by
using relatively fewer input data, less laborious, and more cost-effective. The MNN
then can illustrate the available groundwater pumping in each provinces and guides
water allocation alternatives for groundwater pumping in the area.

9/24/22 23

) L S e e
Due to the good performance, the MNN can reliably predict the available
groundwater pumping by using relatively fewer input data, less laborious, and more
cost-effective. The modular of neural network also illustrates the available
groundwater pumping in the regions, Therefore, for water planning in the future the
MNN tool is a helpful guide to assist in the proper conjunctive management,

especially in the crisis drought year using forecasted weather data (in next three
months).

In future, the accuracy of MNN tool can be improved via remote sensing data
applications to include farmers' water use behavior, cultivated area the existing
irrigation surface water allocations, the groundwater-well conditions with local
groundwater sustainable pumping for water shortage mitigation and better water
policy decision on water allocations of both surface and groundwater in the study
area.

S/z4f22 24
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Increase water management efficiency New technology development
in the upper central irrigation area r dam operation

l

Save 15% of irrigation water
usage using data technology and
people participation.

Outcome

Increase dam storage by
20 % by dam operation
optimization

Decision support system for
irrigation water management
and water use group training at
the irrigation project leve!

Output

Dam re-operation system
via rainfall prediction and
water demand from

satellite technology

Water management techniques
and water user group

Drivers participation from the

Dam operation/demand
estimation/runoff

developed systems

simulation system
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